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(54) Ink jet recording apparatus and cleaning control method for recording head incorporated 
therein 



(57) A valve unit 36 is placed in an ink flow passage 
35 between an ink cartridge 8 and a recording head 7 
and can be controlled in association with the cleaning 
operation of the recording head 7. Under the control of 
a drive controller, the valve unit 36 holds for a predeter- 
mined time a state in which negative pressure produced 
by a suction pump is accumulated, and is opened after 
the expiration of the predetermined time or is opened 
with the negative pressure accumulated and driving the 
suction pump is continued. The air bubbles remaining in 
a stuck state in the ink flow passage can be peeled from 
the ink flow passage together with an instantaneous fast 
ink flow produced as the valve unit 36 is opened, and 
the peeled air bubbles can be discharged effectively 
from the ink flow passage following the subsequent ink 
flow. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to an ink jet recording 
apparatus comprising a recording head moving in a 
width direction of recording paper for jetting ink drops 
toward recording paper based on print data, thereby 
printing an image on the recording paper and a control 
technique of cleaning of the recording head for sucking 
ink from nozzle orifices of the recording head of the 
recording apparatus for recovering the print function of 
the recording head. 

[0002] An ink jet recording apparatus, which pro- 
duces comparatively small noise at the printing time and 
moreover can form small dots at a high density, is much 
used for printing including color printing in these days. 
[0003] Such an ink jet recording apparatus com- 
prises an ink jet recording head for receiving supply of 
ink from an ink storage section of an ink cartridge 
mounted on a cartridge, a subtank, etc., and paper 
feeder for causing recording paper to make a relative 
move to the recording head. While moving the recording 
head on the carriage in a width direction of recording 
paper, the ink jet recording apparatus ejects ink drops to 
the recording paper for recording. 
[0004] The recording head capable of jelling black 
ink and yellow, cyan, and magenta color inks is placed 
on the carriage and makes it possible to execute not 
only text printing in black ink, but also full color printing 
by changing the jet percentage of the inks. 
[0005] Since ink pressurized in a pressure generat- 
ing chamber is jetted to recording paper as ink drops 
from a nozzle for printing, the recording head involves a 
problem of causing a print failure because of a rise in 
the ink viscosity and hardening of ink caused by vapori- 
zation of a solvent from nozzle orifices, for example, 
adhesion of dust, mixing of air bubbles, etc. 
[0006] Thus, if the nozzle orifice is clogged or the 
ink cartridge is replaced, the nozzle formation face of 
the recording head is sealed by capping unit and ink is 
sucked and discharged from the nozzle orifice by nega- 
tive pressure from a suction pump, whereby clogging 
caused by ink hardening in the nozzle orifice, etc., and 
an ink jet failure caused by mixing air bubbles into an ink 
flow passage are dissolved. This function is called 
cleaning operation. 

[0007] To execute the cleaning operation, it is effec- 
tive to cause a flow as fast as possible to occur in ink in 
the ink flow passage from the ink storage section to the 
nozzle orrfices of the recording head, for example, 
whereby the air bubbles existing in the flow passage as 
well as the ink having increased viscosity can be dis- 
charged. 

[0008] However, to increase the flow velocity of ink 
at the cleaning operation time, the capability of the suc- 
tion pump needs to be increased to provide large nega- 
tive pressure. 



[0009] To do this, the pump must be upsized and a 
large-sized motor for driving the pump must also be 
used; it is inevitable to increase the costs and upsize the 
whole recording apparatus. 

5 [0010] Then, a recording apparatus having the fol- 
lowing configuration is proposed: A valve unit that can 
be opened and closed is placed in the ink flow passage 
between an ink storage section and a recording head 
and to perform cleaning operation, when sucking ink is 

10 started through capping unit, the valve unit is closed 
and when negative pressure in the capping unit rises, 
the valve unit is opened, whereby the flow velocity of ink 
in the recording head is increased instantaneously. 
[001 1] The described configuration makes it possi- 

75 ble to comparatively easily discharge ink hardened or 
having increased viscosity in the proximity of the nozzle 
of the recording head without providing a special suc- 
tion pump for producing large negative pressure. 
[0012] Since the suction action from the nozzle is 

20 performed instantaneously, it is also made possible to 
produce the cleaning effect in a comparatively small dis- 
charge amount of ink as a result 
[001 3] By the way, the ink cartridge of the ink stor- 
age section for supplying ink to the recording head gen- 

25 erally has an outer case made of a material of 
polypropylene, etc., into which a porous substance is 
loaded for retaining ink. When the ink cartridge is 
shipped, it is deaerated, whereby the replacement load 
property (reliability of the operation of the recording 

30 apparatus when the ink cartridge is replaced and a new 
one is loaded) can be provided. 
[0014] After the deaerated ink cartridge is loaded 
into the recording apparatus, the atmosphere gradually 
flows into the ink cartridge through an opening made in 

35 the top face of the ink cartridge as ink is consumed. 
Thus, the deaeration degree of ink in the ink cartridge 
lowers. 

[0015] While a sufficient deaeration degree in the 
ink cartridge is provided, if ink is sucked by the capping 
40 unit, air bubbles smaller than the nozzle diameter occur- 
ring in the cap flow backward into the head flow pas- 
sage by negative pressure of the ink cartridge, but 
disappear because the air bubbles are smaller than the 
critical radius. 

45 [0016] While a sufficient deaeration degree in the 
ink cartridge is provided, minute air bubbles in the ink 
flow passage also dissolve in ink; consequently, the 
probability that a print failure will be caused by dot drop- 
outs caused by air bubbles is low. 

so [0017] However, if the deaeration degree of ink in 
the ink cartridge lowers, the capability of dissolving 
minute air bubbles also lowers, so that the effect of air 
bubbles is received and a problem of a print failure, etc.. 
occurs. 

55 [0018] Then, when the cleaning operation of the 
recording head is performed, negative pressure is 
applied over a predetermined time, whereby the deaer- 
ation degree of ink in the recording head can be raised 
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and the air bubbles produced by the deaeration action 
from ink grow with other air bubbles in one body, then 
the air bubbles are pushed out in a stroke by the ink 
flow. 

[0019] In a recording apparatus as described 
above, generally ink cartridges containing black ink and 
color inks can be attached onto a carriage on which a 
recording head is placed detachably from above the 
carriage, and ink is supplied from each ink cartridge to 
the recording head via a hollow ink supply needle (also 
called hollow needle) placed upward on the carriage: 
[0020] In the recording apparatus, the ink flow pas- 
sage in the recording head is formed very delicately and 
therefore ink supplied from the ink cartridge to the 
recording head needs to be in a clean state with no for- 
eign substances of dust, etc.. mixed. 
[0021 ] That is, if a foreign substance of dust, etc. , is 
mixed, a particularly narrow ink supply port in the ink 
flow passage of the recording head or a nozzle orifice 
portion is clogged with the foreign substance, so that 
the normal ink jetting action cannot be executed and it is 
made impossible to recover the recording head function 
in many cases. 

[0022] Then, generally a filter member for removing 
foreign substances is placed in the ink flow passage 
upstream from the recording head, for example, 
between the hollow needle and a head case supporting 
the hollow needle, thereby preventing foreign sub- 
stances from entering the recording head. 
[0023] Fig. 43 shows the situation in a cross-sec- 
tional state. In the figure, numeral 431 denotes a hollow 
needle on which an ink cartridge 408 is placed for deriv- 
ing ink stored in the ink cartridge. 
[0024] The upper end part of the hollow needle 431 
is sharpened and an inkderivation hole 431a is made in 
a part of the upper end part. The hollow needle 431 
closely joined to a rubber sealing member 408b 
attached to the ink cartridge 408 allows ink to derive 
from the ink cartridge 408 through the ink derivation 
hole 431a. 

[0025] The base end part of the hollow needle 431 
is widened to the bottom end and a tapered space 43 1 b 
is formed in the part. 

[0026] On the other hand, a space 471a is also 
formed on the side of a head case 471 of the recording 
head to which the base end part of the hollow needle 
431 is attached, and a filter member 407d is placed 
between the base end part of the hollow needle 431 
sandwiching the spaces. 

[0027] The spaces are thus provided above and 
below the filter member 407d with the filter member 
407d between, whereby the area of the filter member 
407d is made effectively wide for suppressing dynamic 
pressure (pressure loss) of the filter member 407d. 
[0028] As understood from the configuration shown 
in Fig. 43, in a state in which the ink flow passage 
formed in the hollow needle 431 and the filter member 
407d are placed in a gravity direction, a phenomenon in 



which an air bubble A remains particularly in the tapered 
space 431b formed in the hollow needle 431 on the top 
of the filter member 407d occurs, for example, at the ini- 
tial loading time of first loading ink into the flow passage 

5 of the recording head. 

[0029] When the ink cartridge is replaced, a phe- 
nomenon in which air bubble A enters the space 431b 
on the top of the filter member 407d and remains in a 
stuck state in the space 431b also occurs. 

w [0030] On the other hand, if printing is executed 
with the air bubble A remaining as described above and 
the printing state is full duty (state in which ink is jetted 
at the highest frequency at the same time from all noz- 
zle orifices), the air bubble A remaining upstream from 

15 the filter member 407d moves slowly to the proximity of 
the filter member 407d together with the ink flow and 
remains like flat on the top of the filter member 407d, 
resulting in a state in balance with the flow velocity of 
ink. 

20 [0031] If the full-duty printing is further continued, a 
part of the air bubble A passes through the filter mem- 
ber 407d, reaches the ink flow passage in the recording 
head, and remains therein. 

[0032] If such a state is entered, the air bubble in 
25 the recording head produces so-called cushion action of 
absorbing pressure change occurring in a pressure 
chamber based on print data, causing a problem in 
which it becomes impossible to jet ink from the record- 
ing head. 

30 [0033] Then, the cleansing operation is executed to 
exclude the air bubble, as described above. If the valve 
unit is opened when the negative pressure in the cap- 
ping unit rises as described above, the flow velocity of 
ink in the recording head is increased instantaneously. 

35 so that the air bubble A is released from the stuck state 
in the hollow needle 431 and is brought close to the filter 
member 407d or brought into intimate contact with the 
filter member 407d, but is not excluded since the nega- 
tive pressure accumulated in the capping unit also low- 

40 ers at once; this is a problem. 

[0034] In this case, a part of the air bubble passes 
through the filter member 407d and can stay in the ink 
flow passage in the recording head, also causing a 
problem in which it becomes impossible to jet ink from 

45 the recording head, as described above. 

[0035] It is therefore the first object of the invention 
to provide an ink jet recording apparatus and a. record- 
ing head cleaning control method in the ink jet recording 
apparatus wherein at the cleaning operation time, a 

so valve unit placed in an ink flow passage between an ink 
cartridge and nozzle orifices of a recording head is 
opened for instantaneously increasing the flow velocity 
of ink and the wait time for promoting the deaeration 
action is preset, whereby ink having increased viscosity 

55 can be discharged and removed and the air bubbles in 
the ink flow passage can be discharged easily. 
[0036] It is therefore the second object of the inven- 
tion to provide an ink jet recording apparatus provided 
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with a cleaning sequence capable of discharging and 
removing ink having increased viscosity and effectively 
discharging air bubbles remaining in upper and lower 
spaces with a filer member between in an ink flow pas- 
sage and a recording head cleaning control method in 5 
the ink jet recording apparatus. 

SUMMARY OF THE INVENTION 

[0037] In order to achieve the above objects, 
according to a first aspect of the invention, there is pro- 
vided an ink jet recording apparatus comprising: 

an ink jet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied to 
the recording head; 

an ink flow passage communicating the ink storage 
unit and the recording head: 
a valve unit for opening/closing the ink flow pas- 
sage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for reducing pressure in an internal 
space of the capping unit to discharge inkdrops 
from the nozzles when the capping unit seals the 
nozzle orifices; and 

a control unit for controlling the valve unit, the cap- 
ping unit and the suction pump in such order that: 

a) the valve unit closes the ink flow passage; 

b) the capping unit seats the nozzle orifice; 

c) the suction pump decompresses the internal 
space of the capping unit; and 

d) the valve unit opens the ink flow passage a 
predetermined time period elapses. 

[0038] Preferably, the control unit controls the valve 
unit such that the ink flow passage is opened after a 
predetermined time period has elapsed since the suc- 
tion pump was stopped driving. 
[0039] Preferably, the ink jet recording apparatus 
further comprises a filter member disposed in the ink 
flow passage. 

[0040] A cleaning control method for the above ink 
jet recording apparatus comprises the steps of: 

sealing the nozzle orifices by the capping unit; 
closing the ink flow passage by the valve unit; 
driving the suction pump to decompress the inter- 
nal space of the capping unit; 
holding the decompressed state for a predeter- 
mined time period; and 

opening the ink flow passage by the valve unit. 

[0041] Here, the sealing step and the closing step 
may be executed synchronously or exchangeably. 
[0042] Preferably, the predetermined time period is 
defined as either a time period required for obtaining a 



satisfactory deseration degree of ink between the valve 
unit and the nozzle orifices, or a time period required for 
accumulating air bubbles therein. 
[0043] According to the ink jet recording apparatus 
according to the first aspect of the invention or the 
recording head cleaning control method in the ink jet 
recording apparatus, the valve unit is placed in the ink 
flow passage between the ink cartridge and the nozzle 
orifices and is opened and closed in association with 
the cleaning operation of sucking ink drops from the 
nozzle orifices by the capping unit. 
[0044] The valve unit is opened with the negative 
pressure accumulated, whereby it is made possible to 
efficiently discharge the air bubbles entering the record- 
ing head, for example, when the ink cartridge is 
replaced, together with a fast ink flow. 
[0045] Moreover, the valve unit drive controller 
holds the state in which the negative pressure is accu- 
mulated for the predetermined time and opens the valve 
unit after the expiration of the predetermined time, so 
that the air bubbles produced by the deaeration action 
from ink as the negative pressure is applied for the pre- 
determined time grow with other air bubbles in one body 
and are pushed out in a stroke because of the ink flow. 
[0046] In this case, sufficient negative pressure is 
applied to the inside of the capping units whereby the air 
bubbles can be moved quickly and be discharged from 
the nozzle orifices; consequently, the ink discharge 
amount can be reduced. 

[0047] Next, according to a second aspect of the 
invention; there is provided an ink jet recording appara- 
tus comprising: 

an ink jet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied to 
the recording head; 

an ink flow passage communicating the ink storage 
unit and the recording head; 
a valve unit for opening/closing the ink flow pas- 
sage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for decompressing an internal 
space of the capping unit to discharge inkdrops 
from the nozzles when the capping unit seals the 
nozzle orifices; and 

a control unit for controlling the valve unit, the cap- 
ping unit and the suction pump in such order that: 

a) the valve unit closes the ink flow passage; 

b) the capping unit seals the nozzle orifice; 

c) the suction pump decompresses the internal 
space of the capping unit; 

d) the valve unit opens the ink flow passage a 
first predetermined time period elapses; and 

e) the suction pump continues decompressing 
the internal space of the capping unit for a sec- 
ond predetermined time period. 
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the invention in the control sequence shown in Fig. 

6; 

Fig. 8 is a flowchart to show a head cleaning control 
sequence in a second embodiment of the invention 
executed by the control circuit shown in Fig. 5; s 
Fig. 9 is a characteristic drawing to show a negative 
pressure application state in the second embodi- 
ment of the invention in the control sequence 
shown in Fig. 8; 

Fig. 10 is a flowchart to show a head cleaning con- 10 
trol sequence in a third embodiment of the inven- 
tion; 

Fig. 1 1 is a flowchart to show another example of 
the head cleaning control sequence in the second 
embodiment of the invention; 15 
Figs. 12A and 12B are sectional views to show the 
configuration of a valve unit in a fourth embodiment 
according to the invention; 

Fig. 13 is a top view of the valve unit shown in Fig. 
12; 20 
Fig. 14 is a bottom view of the valve unit shown in 
Fig. 12; 

Figs. 1 5A to 1 5C are drawings to show the shape of 
a sealing member used with the valve unit shown in 
Fig. 12; Figs. 15A and 15B are side views and Fig. 25 
15C is an enlarged view to show an ink flow pas- 
sage; 

Fig. 16 is a perspective view to show the general 
configuration of the main body of ink jet recording 
apparatus of the invention comprising the valve unit 30 
shown in Fig. 12; 

Figs. 17A and 17B are sectional view to show a 
configuration example of a valve unit in a fifth 
embodiment according to the invention; 
Figs. 1 8A to 1 8D are sectional views to show cross- 35 
sectional shapes of another ink flow passage of 
sealing member; 

Figs. 19A to 19D are sectional views to show cross- 
sectional shapes of another ink flow passage of 
sealing member; to 
Figs. 20 A to 20 D are sectional views to show cross- 
sectional shapes of another ink flow passage of 
sealing member; 

Figs. 21 A to 21 C are sectional views to show cross- 
sectional shapes of another ink flow passage of 45 
sealing member, 

Fig. 22 is a flowchart to show an example of an 
operation flow executed in a recording apparatus 
comprising valve unit in. the fourth and fifth embodi- 
ments; 50 
Fig. 23 is a top view to show a sixth embodiment of 
an ink jet recording apparatus that can incorporate 
the invention; 

Fig. 24 is a schematic drawing to describe the con- 
figuration of the recording apparatus shown in Fig. 55 
23; 

Fig. 25 is an enlarged sectional view to show an 
example of a valve unit in the recording apparatus 
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shown in Fig. 23; 

Fig. 26 is a sectional view to show a seventh 
embodiment of a cleaning control mechanism; 
Fig. 27 is an enlarged sectional view to show a 
valve unit adopted in the embodiment shown in Fig. 
26; 

Fig. 28 is a sectional view to show an eighth 
embodiment of a cleaning control mechanism; 
Fig. 29 is a sectional view to show a valve unit pref- 
erably adopted in the embodiment shown in Fig. 28; 
Fig. 30 is a schematic drawing to show an ink sup- 
ply system from a main tank to a recording head in 
the recording apparatus according to a ninth 
embodiment of the invention; 
Fig. 31 is a perspective view of a subtank with a 
part thereof omitted, viewed from one side direc- 
tion; 

Fig. 32 is a perspective view of the subtank from 
one side direction; 

Fig. 33 is a rear view of the subtank from the rear 
direction; 

Fig. 34 is an enlarged sectional view to show an 
embodiment of a valve unit placed on a part of the 
subtank; 

Fig. 35 is an enlarged sectional view of an 
open/closing control chamber portion to show a 
tenth embodiment of the valve unit, 
Fig. 36 is a sectional view to show the configuration 
of an eleventh embodiment of ink jet recording 
apparatus of the invention; 
Fig. 37 is a schematic drawing to show the configu- 
ration of an ink supply system from a main tank to a 
recording head in the recording apparatus in Fig. 
36; 

Fig. 38 is a side view to show the configuration of 
connecting units placed at an ink supply stage; 
Fig. 39 is a sectional view to show the forms of 
valve units placed in the connecting units shown in 
Fig. 38; 

Fig. 40 is a block diagram to show the basic config- 
uration of a control circuit for controlling an air intro- 
duction valve, an ink- supply valve in a valve unit, 
etc., in the recording apparatus shown in Fig. 36; 
Fig. 41 is a sectional view to show the configuration 
of twelfth embodiment of the recording apparatus 
shown in Fig. 38; 

Fig. 42 is a sectional view to show a modified exam- 
ple of a valve used with the configuration shown in 
Rg. 41 ; and 

Fig. 43 is a sectional view to show a partial configu- 
ration of an ink cartridge placement mechanism in 
an ink jet recording apparatus in a related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0129] Referring now to the accompanying draw- 
ings, there are shown first to third embodiments of an 
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ink jet recording apparatus adopting a recording head 
cleaning control method according to the invention in 
order. 

[0130] The invention can be applied to both a 
recording apparatus of a type wherein an ink cartridge s 
placed on a carriage is used as an ink storage section 
(see Fig. 1 ) and a recording apparatus of a type wherein 
a separate main tank (ink cartridge) is placed in the 
main body of the recording apparatus and a subtank is 
mounted on a carriage (see Fig. 23). First, the invention 10 
will be discussed based on the recording apparatus of 
the former type. 

[0131] Fig. 1 is a perspective view to show the basic 
conf iguration of an ink jet recording apparatus to which 
the first to third embodiments of the invention can be is 
applied. 

[0132] In the figure, numeral 1 denotes a carriage. 
The carriage 1 is guided by a guide shaft 4 and is recip- 
rocated in the axial direction of a platen 5 via a timing 
belt 3 reciprocated by drive of a carriage motor 2. 20 
[01 33] A recording head 7 is mounted on the side of 
the carriage 1 facing recording paper 6 and a black ink 
cartridge 8 and a color ink cartridge 9 for supplying ink 
to the recording head 7 are placed detachably above 
the recording head 7. 25 
[0134] In the figure, numeral 10 denotes capping 
unit placed at a home position of a non-print area. The 
capping unit 10 is formed as a size capable of sealing 
nozzle orifices made in a nozzle formation face of the 
recording head 7. 30 
[0135] A suction pump 1 1 for giving negative pres- 
sure to the internal space of the capping unit 10 is 
placed below the capping unit 10. 
[0136] Trie capping unit 10 can move up and down 
as the carriage 1 moves to the home position. It func- 35 
tions as a lid for preventing the nozzle orifices from 
being dried during the halt period of the recording appa- 
ratus, functions as an ink receptacle during the flushing 
operation of jetting ink drops by applying a drive signal 
not involved in print to the recording head, and functions 
as cleaning member for causing negative pressure from 
the suction pump 11 to act on the recording head 7 for 
sucking and discharging ink from the nozzle orifices of 
the recording head 7. 

[0137] A wiping member 12 made of an elastic plate 
of rubber, etc., is placed contiguous to the capping unit 
1 0 and projects to the move path of the recording head 
7 as required for wiping the nozzle formation face of the 
recording head 7 after ink is sucked by the capping unit 
10, for example. 

[0138] Next, Figs. 2 and 3 schematically show the 
capping unit 10. 

[0139] Fig. 2 shows the capping unit 10 as a top 
view thereof and Fig. 3 is a sectional view taken on line 
B-B in Fig. 2 to show a state in which the capping unit 10 
seals the recording head 7 shown in a cross-sectional 
state. In Figs. 2 and 3, the capping unit 1 0 is made up of 
a quadrate cap case 21 opened on the top face and a 



cap member 22 placed in the cap case 21 and formed 
of an elastic member having ink resistance like a cap. 
[0140] The cap member 22 is formed so that its 
upper margin projects a little from the cap case 21 . 
[0141] An ink absorber 23 made of a porous mate- 
rial excellent in ink resistance and ink absorbability is 
housed in the inner bottom part of the cap member 22. 
[0142] The ink absorber 23 is retained in the cap 
member 22 by a plurality of retainers 22a projected in a 
horizontal direction, molded integrally with the cap 
member 22. 

[0143] Further, an ink suction port 24 and an air 
hole 25 are placed so as to pierce the bottom parts of 
the cap case 21 and the cap member 22. 
[0144] The ink suction port 24 and the air hole 25 
are placed with a predetermined spacing therebetween 
along almost the center in the length direction of the 
capping unit 1 0 when the capping unit 1 0 is viewed from 
the top face. 

[0145] The ink suction port 24 is connected to the 
suction pump 1 1 via a tube (not shown) and the air hole 
25 is connected to an air valve 26 (described later) via a 
tube (not shown). 

[0146] On the other hand, the capping unit 10 is 
moved up in association with a move of the carriage 1 to 
the home position, whereby it is placed in a capping 
state sealing a nozzle formation face 7a of the recording 
head 7 as shown in Fig. 3. The air valve 26 is also 
closed in association with a move of the carriage 1 to 
the home position. 

[0147] The recording head 7 is formed with nozzle 
orifices 7b for separately jetting black, cyan, magenta, 
and yellow inks by the action of piezoelectric vibrators 
7c placed corresponding to the nozzle orifices 7b. 
[0148] Therefore, the air valve 26 connected to the 
air hole 25 in the capping unit 10 is closed and the suc- 
tion pump 1 1 connected to the ink suction port 24 is 
operated, whereby negative pressure can be applied to 
the internal space of the capping unit 22. 
[01 49] Thus, the cleaning action of sucking and dis- 
charging ink from the nozzle orifices 7b in the recording 
head 7 is executed. 

[01 50] The air valve 26 connected to the air hole 25 
is opened and the suction pump 11 is operated, 
whereby ink discharged into the capping unit 22 is 
sucked to the side of the suction pump 11 and the 
sucked ink can be discharged into a waste ink tank 27. 
[0151] Next, Figs. 4 A and 4B show a configuration 
example of a valve unit 36 placed between the record- 
ing head 7 and the ink cartridge as the ink storage sec- 
tion (in the figure, the black ink cartridge 8). 
[0152] Figs. 4A and 4B are sectional views of the 
valve unit viewed from the orthogonal direction. 
[0153] Figs. 4A and 4B show a state in which the 
nozzle formation face of the recording head is sealed by 
the capping unit 10 moving up from below. 
[0154] The ink cartridge 8 generally has a film 
member (not shown) put on an ink supply port 8a for 
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preventing an ink solvent from volatilizing during stor- 
age. 

[0155] To load a new ink cartridge 8 into the record- 
ing apparatus, the ink supply port 8a of the ink cartridge 
8 is pointed downward facing a hollow ink supply needle 
31 upright upward from the rear face of the recording 
head 7 and is pushed into, whereby the ink cartridge 8 
can be loaded. 

[0156] As the operation is performed, the ink supply 
needle 31 pierces the film member put on the ink supply 
port 8a and is brought into intimate contact with a rub- 
ber sealing member 8b placed in the ink cartridge 8 and 
is bonded to the sealing member 8b, whereby ink is sup- 
plied from the ink cartridge 8 to the recording head 7. 
[0157] As shown in Figs. 4A and 4B, the valve unit 
36 for opening and closing an ink supply passage 35 
between the ink cartridge 8 and the nozzle orifices of 
the recording head 7 is placed above the recording 
head 7. 

[0158] In the valve unit 36 of the recording appara- 
tus shown in Figs. 4A and 4B, a shaft 37 inserted so as 
to cross the ink flow passage 35 can be rotated and her- 
meticity is held by a pair of O-rings 36a. 
[0159] The part of the shaft 37 crossing the ink flow 
passage 35 is formed with an ink through hole 36b in a 
direction orthogonal to the axial direction of the shaft. 
[0160] Therefore, a gear 38 placed on the shaft 37 
is rotated by an actuator (not shown) and the ink 
through hole 36b and the ink flow passage 35 are 
aligned, whereby the valve unit 36 is opened, and the 
ink through hole 36b and the ink flow passage 35 are 
not aligned, whereby the valve unit 36 is closed. 
[0161] A filter member 7d is placed in the ink flow 
passage 35 between the valve unit 36 and the nozzle 
orifices in the recording head 7. 
[0162] As shown in Fig. 4A, the filter member 7d is 
placed just below the valve unit 36 for removing foreign 
substances existing in ink supplied from the ink car- 
tridge 8. When foreign substances occur because of 
rotation of the valve unit 36, etc., the filter member 7d 
can prevent the foreign substances from entering the 
recording head 7 for preventing a print fault of the 
recording head 7 from occurring. 
[0163] The valve unit 36 shown in Figs. 4A and 4B 
opens and closes the ink flow passage 35 between the 
black ink cartridge 8 and the black ink nozzle orifices in 
the recording head 7, for example. Likewise, the valve 
unit 36 is also placed in each ink supply passage of 
cyan, magenta, and yellow supplied from the color ink 
cartridge 9. 

[0164] The valve unit 36 is not limited to the specific 
one as shown in Fig. 4 and a value unit of any other con- 
figuration can be used, needless to say. 
[0165] Next, Fig. 5 shows the configuration of a 
control circuit installed in the described recording appa- 
ratus. The carriage 1, the recording head 7, the ink car- 
tridges 8 and 9, the capping unit 10, the suction pump 
11, the air valve 26. and the waste ink tank 27 previ- 



ously described with reference to Figs. 1 to 4 are 
denoted by the same reference numerals in Fig. 5 and 
therefore will not be discussed again in detail. 
[0166] In Fig. 5, numeral 40 denotes a print control- 

5 ler for preparing bit map data based on print data sup- 
plied from a host computer and causing a head driver 
41 to generate a drive signal based on the bit map data 
for jetting ink from the recording head 7. 
[0167] The head driver 41 also receives a flushing 

10 command signal from a flushing controller 42 in addition 
to the drive signal based on the print data and outputs a 
drive signal for flushing operation to the recording head 
7. 

[0168] Numeral 43 denotes a cleaning controller. A 
15 pump driver 44 operates in response to a command 
from the cleaning controller 43 for driving and control- 
ling the suction pump 1 1 . 

[0169] A cleaning command signal is supplied to 
the cleaning controller 43 from the print controller 40, a 
20 cleaning sequence controller 45, and a cleaning com- 
mand detector 46. 

[0170] A command switch 47 is connected to the 
cleaning command detector 46. If the user pushes the 
command switch 47, for example, the cleaning com- 
25 mand detector 46 is operated for executing manual 
cleaning operation. 

[0171] Upon reception of a command signal from 
the host computer, the cleaning sequence controller 45 
can send a control signal to the cleaning controller 43, a 

30 valve unit driver 48, and a carriage driver 49. 

[0172] The valve unit driver 48 sends a control sig- 
nal to the actuator for driving the gear 38 placed on the 
shaft 37 shown in Fig. 4 for opening or closing the valve 
unit 36. The carriage driver 49 drives the carriage motor 

35 2 shown in Fig. 1 for moving the carriage 1 to the home 
position, for example, and causes the capping unit 10 to 
cap the recording head 1. 

[0173] Fig. 6 is a flowchart to show the cleaning 
operation of the recording head of the described record- 

40 ing apparatus in the first embodiment of the invention. 
The cleaning operation sequence in the first embodi- 
ment will be discussed with reference to Fig. 6. 
[0174] For example, if a cleaning command is 
received on utilities in the host computer, a control sig- 

45 nal is sent from the host computer to the cleaning 
sequence controller 45 as shown in Fig. 5, and the 
cleaning operation is started. 

[0175] When the cleaning operation is started, the 
nozzle formation face of the recording head 7 is wiped 

so by the wiping member 1 2 at step S1 1 . 

[0176] To do this, the cleaning sequence controller 
45 sends a control signal to the carriage driver 49 and 
while the carriage 1 is moved toward the home position, 
the wiping member 12 projects to the move path of the 

55 recording head 7 and wipes the nozzle formation face of 
the recording head 7. 

[01 77] Thus, paper dust, etc., deposited on the noz- 
zle formation face of the recording head 7 is removed. 
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[0178] Subsequently, at step S12, the carriage 1 
furthermore moves to the home position side and at 
step S13, the capping unit 10 caps the nozzle formation 
face of the recording head 7 accordingly. 
[0179] At the same time, at step S14, the air valve 
26 communicating with the air hole 25 in the capping 
unit 10 is also closed. 

[0180] In this state, at step S15. the valve unit 36 is 
closed. 

[0181] To do this, the cleaning sequence controller 
45 shown in Fig. 5 sends a control signal to the valve 
unit drive controller 48. 

[0182] Subsequently, at step S16, driving the suc- 
tion pump 1 1 is started. 

[0183] To do this, the cleaning sequence controller 
45 shown in Fig. 5 sends a control signal to the cleaning 
controller 43, which then sends a control signal to the 
pump driver 44. 

[0184] The suction pump 11 normally uses a so- 
called tube pump for giving so-called stroke action to a 
tube placed like a circular arc by a roller moving on a cir- 
cular arc path. 

[0185] Therefore, negative pressure in the internal 
space of the capping unit 10 gradually increases in the 
presence of the volume provided by the internal space 
of the tube and the internal space of the capping unit 10. 
[0186] When the negative pressure in the internal 
space of the capping unit 10 reaches the maximum, 
driving the suction pump 1 1 is stopped at step S17 and 
in this state, a wait is made for expiration of a predeter- 
mined time at step S1 8. 

[0187] Thus, negative pressure is applied into the 
ink flow passage 35 from the nozzle orifices of the 
recording head 7 to the valve unit 36 over the predeter- 
mined time. 

[0188] After the expiration of the predetermined 
time, the value unit 36 is opened at step S19. 
[0189] The sequence controller 45 manages the 
predetermined time and sends a control signal to the 
valve unit drive controller 48, thereby executing the 
opening operation of the valve unit 36. 
[0190] Fig. 7 shows the state of the negative pres- 
sure in the internal space of the capping unit 1 0 at steps 
S16 to S19 in the first embodiment of the invention. 
[0191 ] That is, in the first embodiment of the inven- 
tion, the negative pressure in the internal space of the 
capping unit 1 0 rises following the track like a quadratic 
curve at the same time as driving the pump is started, 
as shown in Fig. 7. 

[0192] When the negative pressure reaches the 
maximum, driving the suction pump is stopped and in 
this state, a wait is made for expiration of the predeter- 
mined time. 

[0193] During the expiration of the predetermined 
time, the negative pressure acts on the inside of the ink 
flow passage 35 from the nozzle orifices of the record- 
ing head 7 to the valve unit 36. Therefore, the deaera- 
tion degree of ink existing in the ink flow passage 35 



from the nozzle orifices to the valve unit 36 rises 
because of the negative pressure and minute bubbles 
generated accordingly are accumulated as air bubbles 
and grow with other air bubbles in one body 

5 [0194] Since the value unit 36 is opened after the 
expiration of the predetermined time as described 
above, a fast ink flow occurs in the ink flow passage 
from the ink cartridge 8, 9 to the recording head 7, and 
the air bubbles grown in the flow passage together with 

10 the ink having increased viscosity are discharged to the 
side of the capping unit 10 together with the ink. 
[0195] The negative pressure in the internal space 
of the capping unit 10 is canceled accordingly. 
[01 96] In this case, in the configuration in which the 

75 filter member 7d is placed in the ink flow passage 35 
between the valve unit 36 and the nozzle orifices as 
shown in Fig. 4, air bubbles accumulate upstream from 
the filter member 7d and generally are extremely hard to 
discharge, but air bubbles produced by the deaeration 

20 action as negative pressure is applied for the predeter- 
mined time grow with the air bubbles existing upstream 
from the filter member 7d in one body and are pushed 
out because of the ink flow, as described above. 
[0197] Therefore, in the recording apparatus com- 

25 prising the filter member 7d placed as described above, 
adopting the described sequence can contribute to 
more improving of the bubble discharge effect 
[0198] Subsequently, capping the recording head 7 
by the capping unit is released at step S20. 

30 [0199] At step S21 , the suction pump 1 1 is tempo- 
rarily driven and is stopped. 

[0200] Thus, ink discharged into the capping unit 1 0 
passes through the suction pump 1 1 and is discharged 
into the waste ink tank 27. 

35 [0201] Subsequently, at step S22, whether or not 
ink has been sucked as many times as a predetermined 
number of times is determined. If the number of times 
ink has been sucked is less than the predetermined 
number of times, steps S13 to S21 are repeated. 

40 [0202] If it is determined at step S22 that ink has 
been sucked as many times as the predetermined 
number of times, the wiping operation is performed at 
step S23, namely, the wiping member 12 wipes ink 
deposited on the nozzle formation face of the recording 

45 head 7. The recording head 7 is sealed by the capping 
unit 10 and enters a state waiting for print data to arrive. 
[0203] In the sequence shown in Fig. 6, the valve 
unit is closed at step S15 after the recording head is 
capped at step S13, but the steps may be executed at 

so the same time or step S1 5 may be executed before step 
S13 is executed. 

[0204] In the sequence shown in Fig. 6, whether or 
not ink has been sucked as many times as the predeter- 
mined number of times is determined at step S22, but 
55 ink need not be sucked more than once if a sufficient 
cleaning result can be provided by executing one ink 
suction operation. 

[0205] As is clear from the description made so far, 
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according to the ink jet recording apparatus and the 
recording head cleaning control method in the recording 
apparatus according to the first embodiment of the 
invention, the valve unit for opening and closing the ink 
flow passage is placed between the ink cartridge and 
the recording head and opening and closing the valve 
unit are controlled in association with the recording 
head cleaning operation, whereby negative pressure is 
accumulated. Thus, the air bubbles entering the record- 
ing head, for example, when the ink cartridge is 
replaced can be efficiently discharged accompanying a 
fast ink flow. 

[0206] Moreover, the valve unit driver operates so 
as to retain the negative pressure accumulation state for 
the predetermined time and open the valve unit after the 
expiration of the predetermined time. Thus, the air bub- 
bles produced by the deaeration action as the negative 
pressure is applied for the predetermined time grow 
with other air bubbles in one body and are pushed out in 
a stroke because of the ink flow. 
[0207] Therefore, it is made possible to provide a 
high-reliability ink jet recording apparatus capable of 
effectively suppressing occurrence of a print failure in a 
recording head. 

[0208] Next, an ink jet recording apparatus and a 
recording head cleaning control method in the recording 
apparatus in a second embodiment of the invention will 
be discussed. 

[0209] Fig. 8 is a flowchart to show the recording 
head cleaning operation in a second embodiment of the 
invention, executed in the configuration of the recording 
apparatus previously described. The cleaning operation 
sequence in the second embodiment will be discussed 
with reference to Fig. 8. 

[0210] For example, if a cleaning command is 
received on utilities in the host computer, a control sig- 
nal is sent from the host computer to the cleaning 
sequence controller 45 as shown in Fig. 5, and the 
cleaning sequence controller 45 outputs various control 
signals, whereby the cleaning operation is started. 
[0211] First, the cleaning sequence controller 45 
sends a control signal to the carriage driver 49, whereby 
the carriage 1 is driven along a guide shaft 4 and is 
moved to the home position side. 
[0212] Thus, at step S11, the wiping member 12 
wipes the nozzle formation face of the recording head 7. 
[0213] Subsequently, at step S12, the carriage 1 
furthermore moves to the home position side and at 
step S13, the capping unit 10 caps the nozzle formation 
face of the recording head 7 accordingly. 
[0214] At the same time, at step S14, the air valve 
26 communicating with the air hole 25 in the capping 
unit 10 is also closed. 

[021 5] In this state, at step S1 5, the valve unit 36 is 
closed. 

[0216] To do this, the cleaning sequence controller 
45 shown in Fig. 5 sends a control signal to the valve 
unit drive controller 48. 



[0217] Subsequently, at step S16, driving the suc- 
tion pump 11 is started. 

[0218] To do this, the cleaning sequence controller 
45 shown in Fig. 5 sends a control signal to the cleaning 
5 controller 43, which then sends a control signal to the 
pump driver 44. 

[0219] In this state, at step S17, a wait is made for 
expiration of a first predetermined time after driving of 
the suction pump 1 1 is started. When the negative pres- 
to sure given to the capping unit 1 0 reaches the maximum 
or its vicinity, at step S18, the valve unit 36 is opened. 
[0220] In this case, the sequence controller 45 
manages the first predetermined time and sends a con- 
trol signal to the valve unit drive controller 48, thereby 
is executing the opening operation of the valve unit 36. 
[0221] After the valve unit 36 is opened, a wait is 
made for expiration of a second predetermined time at 
step S19. If it is determined at step S19 that the second 
predetermined time has elapsed, the suction pump 11 
20 is stopped at step S20. 

[0222] In this case, the sequence controller 45 
manages the second predetermined time and sends a 
control signal to the cleaning controller 43, thereby stop- 
ping the driving operation of the suction pump 1 1 . 
25 [0223] Fig. 9 shows the change state of the nega- 
tive pressure applied to the capping unit in the control 
sequence at steps S16 to S20 in the second embodi- 
ment of the invention. 

[0224] That is, when driving of the suction pump 1 1 
30 is started, the negative pressure in the internal space of 
the capping unit 10 rises following the track like a quad- 
ratic curve, as shown in Fig. 9. When the first predeter- 
mined time has elapsed and the negative pressure 
reaches the maximum or its vicinity, the valve unit 36 is 
35 opened. 

[0225] Thus, the negative pressure rises abruptly. 
[0226] However, since driving of the suction pump 
1 1 is continued, the negative pressure does not rise to 
the atmospheric pressure and remains in a predeter- 

40 mined negative pressure state. 

[0227] When the second predetermined time has 
elapsed since opening of the valve unit 36, driving the 
suction pump is stopped and the negative pressure 
rises to the atmospheric pressure abruptly. 

45 [0228] As understood in the negative pressure 
characteristic in the second embodiment of the inven- 
tion shown in Fig. 9, the valve unit 36 is opened when 
the first predetermined time has elapsed, whereby a 
fast ink flow occurs in the ink flow passage from the ink 

so cartridge to the nozzle orifices of the recording head 7. 
[0229] The air bubbles remaining in a stuck state in 
the ink flow passage can be peeled from the ink flow 
passage by the fast ink flow. 

[0230] Since driving of the suction pump 1 1 is also 
55 continued for sucking ink successively in the period of 
the second predetermined time, the peeled air bubbles 
can be discharged following the ink flow. 
[0231] For example, in the configuration in which 
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the filter member 7d is placed in the ink flow passage 35 
between the valve unit 36 and the nozzle orifices as 
shown in Fig. 4, air bubbles accumulate upstream from 
the filter member 7d and generally are extremely hard to 
discharge, but the above -described effect is produced, 5 
thus the air bubbles remaining upstream from the filter 
member 7d can be pulled to the side of the filter mem- 
ber 7d by the fast ink flow and can be discharged 
through the filter member 7d as the suction pump is 
driven successively. 10 
[0232] Referring again to Fig. 8. capping the record- 
ing head 7 by the capping unit 10 is released at step 
S21. 

[0233] At step S22, the suction pump 11 is tempo- 
rarily driven and is stopped. 15 
[0234] Thus, ink discharged into the capping unit 10 
and remaining therein passes through the suction pump 
1 1 and is discharged into the waste ink tank 27. 
[0235] Subsequently, at step S23, whether or not 
ink has been sucked as many times as a predetermined 20 
number of times is determined, If the number of times 
ink has been sucked is less than the predetermined 
number of times, steps S13 to S22 are repeated. 
[0236] If it is determined at step S23 that ink has 
been sucked as many times as the predetermined 25 
number of times, the wiping operation is performed at 
step S24, namely, the wiping member 12 wipes ink 
deposited on the nozzle formation face of the recording 
head 7. 

[0237] At step S25, the recording head 7 is sealed 
by the capping unit 10 and enters a state waiting for 
print data to arrive. 

[0238] In the sequence In the second embodiment 
of the invention shown in Fig. 8, the valve unit is closed 
at step S15 after the recording head is capped at step 
S13, but the steps may be executed at the same time or 
step S15 may be executed before step S13 is executed. 
[0239] In the sequence in the second embodiment 
of the invention shown in Fig. 8, driving the suction 
pump is started at step S1 6 after the valve unit is closed 
at step S 15, but step S16 may be executed before step 
S15is executed. 

[0240] Next, Fig. 10 shows a control sequence in a 
third embodiment of the invention, a modification of the 
sequence in the second embodiment. 
[0241] In the control sequence in the third embodi- 
ment of the invention shown in Fig. 10, steps S31 to S33 
are executed in place of steps S15 and S16 shown in 
Fig. 8. 

[0242] That is, when the recording head 7 is capped 
and the atmospheric valve 26 is closed at steps S13 
and S14, driving the suction pump 1 1 is started at step 
S31 following step S14. 

[0243] Thus, negative pressure is given to the inter- 
nal space of the capping unit. 

[0244] In this state, at step S32, a wait is made for 
expiration of a third predetermined time and if it is deter- 
mined that the third predetermined time has elapsed, 



the valve unit 36 is closed at step S33. 
[0245] Subsequently, a control sequence similar to 
that at steps S1 7 and later previously described with ref- 
erence to Fig. 8 is executed. 

[0246] If the control sequenc in the third embodi- 
ment shown in Fig. 10 is adopted, the suction pump is 
driven early, so that the negative pressure in the internal 
space of the capping unit can be raised rapidly. 
[0247] Next, Fig. 11 shows a control sequence 
comprising preferred control steps added to the control 
sequence in the second embodiment shown in Fig. 8. 
[0248] In the control sequence in Fig. 1 1 , the cap- 
ping unit 10 seals the nozzle orifices of the recording 
head 7 and the atmospheric open valve 26 is closed at 
steps S13 and S14 and in this state, a first substantial 
suction step is executed as step S41 . 
[0249] That is. the first substantial suction step is 
executed before steps S15 and S16 at which the valve 
unit 36 is closed and the suction pump is driven. 
[0250] At the first substantial suction step (S41 ), ink 
is sucked and discharged with the valve unit 36 open. 
The first substantial suction step (S41) is executed at 
the timing, whereby the air bubbles remaining upstream 
from the filter member 7d can be collected just near the 
filter member 7d. 

[0251] After this, the control sequence of closing 
the valve unit 36, then opening the valve unit 36 under 
accumulated pressure is executed, whereby the air bub- 
bles collected just near the filter member 7d pass 
through the filter member 7d by an instantaneous fast 
ink flow. 

[0252] Therefore, the discharge effect of the air 
bubbles in the ink flow passage can be more enhanced 
by executing step S41 . 

[0253] After the valve unit 36 is opened at step S18 
while driving of the suction pump is continued, prefera- 
bly second substantial suction is further executed for 
sucking and discharging ink from the recording head by 
sealing the nozzle orifices and driving the suction pump. 
[0254] The second substantial suction step is 
shown as step S42 in Fig. 1 1 . 

[0255] At the second substantial suction step (S42), 
the suction speed is set equal to or lower than the suc- 
tion speed (driving speed of the suction pump 1 1) at the 
first substantial suction step (S41). 
[0256] The second substantial suction step (S42) is 
thus executed, whereby the ink flow passage is made 
neat after the powerful cleaning operation with the valve 
unit 36 open while driving of the suction pump is contin- 
ued. 

[0257] As shown in Fig. 1 1 , after the second sub- 
stantial suction step (S42) is executed, idle suction 
operation is further executed at step S43 for discharging 
ink from the capping unit in a release state of sealing the 
recording head. 

[0258] The idle suction operation is executed, 
whereby the ink sucked and discharged into the capping 
unit by performing the second substantial suction oper- 



35 



40 



45 



50 



14 



27 



EP1 043 1 61 A2 



28 



ation is fed into the waste ink tank 27. 
[0259] If the first substantial suction step (S41), the 
second substantial suction step (S42), and the idle suc- 
tion step (S43) shown in Fig. 1 1 are added, for example, 
to the control sequence in the third embodiment shown s 
in Fig. 10, similar effects can be produced. 
[0260] In this case, preferably the first substantial 
suction step (S41) is inserted following step S14 in Fig. 
10 and is executed, and the second substantial suction 
step (S42) and the idle suction step (S43) are inserted 10 
following steps S23 and S24 shown in Fig. 10 respec- 
tively and are executed. 

[0261] In the control sequences shown in Figs. 8, 
10, and 11, whether or not ink has been sucked as 
many times as the predetermined number of times is 
determined at step S23, but ink need not be sucked 
more than once if a sufficient cleaning result can be pro- 
vided by executing one ink suction operation. 
[0262] According to the ink jet recording apparatus 
adopting the cleaning control method according to the 
second embodiment, the third embodiment of the inven- 
tion, the valve unit for opening and closing the ink flow 
passage is placed between the ink storage section and 
the recording head, the suction pump is driven with the 
valve unit closed, and the valve unit is opened in a state 
in which negative pressure is accumulated in the inter- 
nal space of the capping unit, so that a fast ink flow can 
be generated in the ink flow passage at the instant at 
which the valve unit is opened. 
[0263] Subsequently, the suction pump drive state 
is continued over the predetermined time after the valve 
unit is opened, thus the air bubbles peeled from the ink 
flow passage can be effectively discharged following the 
ink flow. 

[0264] Thus, it is made possible to provide a high- 
reliability ink jet recording apparatus capable of sup- 
pressing occurrence of a print failure in a recording 
head. 

[0265] Next, a fourth embodiment of the ink jet 
recording apparatus of the type shown in Fig. 1 using 
each ink cartridge mounted on the carriage as the ink 
storage section and comprising a preferred valve unit 
will be discussed. 

[0266] That is, the valve unit in the embodiment dis- 
solves the following problems of the valve unit in the 
related art: Since a shaft is inserted into an ink flow pas- 
sage and is rotated, a gap occurs in any part other than 
the ink flow passage and desired negative pressure 
cannot be provided; because of recent lendency to 
increase the number of nozzle orifices, the suction 
pump has an insufficient capability to provide desired 
negative pressure; and the like. 
[0267] Since the valve unit in the related art com- 
prises O-rings used to enable rotation of the shaft 
inserted so as to cross the ink flow passage and retain 
the hermetic state, when the shaft is rotated, a large 
torque is required and a high-capability drive motor is 
required. 



[0268] Consequently, the ink jet recording appara- 
tus having the valve unit in the related art cannot suffi- 
ciently meet the demand of manufacturing at lower 
costs. 

[0269] The valve unit in the preferred embodiment 
also overcomes the problem. 

[0270] It also has the advantage that the valve unit 
can reliably remove air bubbles remaining in the upper 
part of the filter in the ink flow passage and air bubbles 
remaining in the recording head. 
[0271 ] Figs. 12A and 12B show the valve unit in the 
embodiment placed between recording head and ink 
cartridge (in the figure, black ink cartridge 8); Figs. 12A 
and 12B are sectional views of the valve unit viewed 
from the orthogonal direction. 

[0272] Fig. 13 is a plan view of the valve unit from 
the top thereof (a plan view with the ink cartridge 
removed). 

[0273] Fig. 14 is a plan view of the valve, unit from 

the bottom thereof (recording head side). 

[0274] Figs. 15A to 15C are drawings to show the 

shape of a valve body used with the valve unit. 

[0275] Fig. 16 is a schematic drawing of ink jet 

recording apparatus of the invention comprising the 

valve unit. 

[0276] In the figure, numeral 1 denotes a carriage. 
Ink cartridges 8 and 9 are mounted detachably on the 
top face of the carriage 1 and an ink jet recording head 
7 for jetting ink drops in response to a print signal is 
fixed to the side of the carriage 1 facing recording paper 
6. 

[0277] The carriage 1 is guided by a guide shaft 4 
and is reciprocated in the axial direction of a platen 5 by 
the drive force of a carriage motor 2 via a timing belt 3. 
[0278] A capping unit 10 is placed in a non-print 
area (home position) formed in the right end part of the 
figure in the move path of the carriage 1 . The capping 
unit 10 is formed so that it can seal the nozzle formation 
face of the recording head 7 when the recording head 7 
moves just above. 

[0279] A suction pump 1 1 as a suction member for 
supplying negative pressure to the internal space of the 
capping unit 10 is placed below the capping unit 10. 
[0280] The capping unit 1 0 functions as a lid for pre- 
venting the nozzle orifices of the recording head 7 from 
being dried during the halt period of the recording appa- 
ratus, functions as an ink receptacle during the flushing 
operation of idly jetting ink drops by applying a drive sig- 
nal not involved in print to the recording head 7, and 
functions as the ink suction member for causing nega- 
tive pressure from the suction pump 1 1 to act on the 
recording head 7 for sucking and discharging ink. 
[0281 ] A wiping member 1 2 made of an elastic plate 
of rubber, etc., is placed in the proximity of the capping 
unit 10. When the carriage 1 moves to and from the side 
of the capping unit 10, the wiping member 12 performs 
the wiping operation of wiping the nozzle formation face 
of the recording head 7. 
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[0282] Valve unit 523 is formed between the ink car- 
tridge 8 and the recording head 7, as shown in Figs. 
12Aand 12B. 

[0283] The valve unit 523 comprises a valve body 
523a forming an ink flow passage 522, a rotatable lever 
523b placed so as to come in contact with the valve 
body 523a, a cover 523c housing the valve body 523a, 
a base 523d to which the valve body 523a, the lever 
523b, and the cover 523c are attached, a pin 523e for 
attaching the lever 523b to the base 523d for rotation, a 
pin lever 523f attached slidably to one end of the lever 
523b, a valve spring 523h touching at one end to the 
lever 523b and at an opposite end to the pin lever 523f, 
and a return spring 523g attached at one end to the 
lever 523b and at an opposite end to the base 523c. 
[0284] Next, the valve body 523a forming a part of 
the valve unit 523 will be discussed with reference to 
Figs. 15Ato15C. 

[0285] The valve body 523a has an outside shape 
roughly like a circular cylinder and a pentagonal ink flow 
passage as shown in Fig. 15C is formed along the axial 
line. 

[0286] Fig. 15A is a front view, Fig. 15B is a side 
view, and Fig. 15C is an enlarged view of the ink flow 
passage. 

[0287] In Fig. 15C, the rectangular frame surround- 
ing the ink flow passage indicates an enlargement and 
does not indicate the outside shape of the valve body 
523a. 

[0288] The valve body 523a is formed of an elastic 
substance of rubber, etc., and can be deformed diamet- 
rically by external pressure P from the side wall direc- 
tion. 

[0289] Three sealing members 571 each being 
semicircular in cross section in circumferential direction 
are provided on the outer periphery in up and down 
direction (axial direction). 

[0290] When the valve body 523a is housed in the 
cover 523c, the semicircular sealing members 571 
come in intimate contact with the inner wall of the cover 
523c for providing hermeticity. 

[0291] As shown in Fig. 15A, on the side wall of the 
valve body 523a, a pressed portion 572 pressed by the 
lever 523b is of a lightening hole structure and the out- 
side shape (outer diameter) of the valve body 523a is 
small in the portion. 

[0292] Therefore, the side wall of the pressed por- 
tion 572 becomes thin. Thus, upon pressurization by the 
lever 523b, the pressed portion 572 becomes easily 
deformed and the side wall can close the ink flow pas- 
sage 522. 

[0293] Specifically, a pressure of about 200 gf is 
applied to the pressed portion 572, whereby the inkflow 
passage 522 is closed. 

[0294] Thus, the valve body 523a is of a lightening 
hole structure and the sealing members are provided on 
the outer periphery for enabling the valve body 523a to 
be housed in the cover 523c in intimate contact, so that 



the pressed portion 572 (flow passage closing part) of 
the valve body 523a to which external pressure is 
applied becomes deformed more easily, the restoring 
force is enhanced, and ink can be prevented from enter- 

5 ing any other part than the ink flow passage 522. 

[0295] To open or close the ink flow passage 522 of 
the valve body 523a, external pressure is applied to the 
valve body 523a or the external pressure to the valve 
body 523a is released through the pin lever 523f, the 

w valve spring 523h, and the lever 523b, as shown in Figs. 
12, 13, and 14. 

[0296] The lever 523b acting directly on the valve 
body 523a consists of a supporting point attached to the 
base 523d by the pin 523 e for rotation, a power point 

is coming in contact with the valve body 523a for pressur- 
ization, and an application point to which the pin lever 
523f and the valve spring 523h are attached. 
[0297] That is, when the pin lever 523f is pushed 
and the valve spring 523h is compressed, the lever 

20 523b receives the force and rotates on the pin 523 e. 
Consequently, one end part of the lever 523b in contact 
with the valve body 523a presses the side wall of the 
valve body 523a for closing the inkflow passage. 
[0298] Thus, the lever 523b comprises the support- 

25 ing point, the power point, and the application point 
spaced from each other at predetermined distances, 
whereby the load on the power point required for closing 
the inkflow passage in the valve body 523a can be light- 
ened and the inkflow passage can be closed by desired 

30 external pressure. 

[0299] The load acting on the pin lever 523f acts to 
close the ink flow passage in the valve body 523a as 
described above. However, once the inkflow passage is 
closed, the load becomes unnecessary load imposed 

35 on the lever 523b, the valve body 523a, and the valve 
unit 523; the fear of breaking the valve unit 523 occurs. 
[0300] To prevent it, the valve spring 523h is pro- 
vided for the pin lever 523f. 

[0301] That is, the valve spring 523h absorbs the 
40 unnecessary load after the lever 523b closes the ink 
flow passage 522 in the valve body 523a and the load 
imposed on the lever 523b and the valve body 523a can 
be adjusted. 

[0302] Consequently, the unnecessary load 
45 imposed on the valve body 523a and the lever 523b 
after the ink flow passage 522 in the valve body 523a is 
closed can be lightened and the valve unit 523 can be 
prevented from being broken. 

[0303] The return spring 523g is placed so as to 
so cause the lever 523b to act on the side of the valve body 
523a and the application point side of the lever 523b 
can be made to always wait at the same position relative 
to the valve body 523a. 

[0304] The portion in contact with the valve body 
55 523a on the application point side of the lever 523b is 
made an acuminate shape for raising pressure to the 
seal rubber. 

[0305] However, the tip thereof is rounded for pre- 
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venting damage to the side wall of the valve body 523a. 
[0306] An ink supply needle 524 is provided on the 
ink cartridge 8 side of the valve unit 523, as shown in 
Figs. 12A and 12B. 

[0307] On the other hand, ink supply needle 524 5 
placed on the recording head 7 fits the ink flow passage 
of the recording head 7 side in the valve body 523a. 
[0308] When the ink cartridge 8 is mounted, the ink 
supply needle 524 is inserted into an ink supply port 
formed in seal rubber 8a of the ink cartridge 8, the ink 10 
flow passage 522 from an ink chamber of the ink car- 
tridge 8 to the recording head 7 is formed, and ink can 
be supplied to the recording head 7. 
[0309] Further, the capping unit 1 0 for accumulating 
negative pressure generated by the suction pump and a 15 
pressure pool 526 placed for accumulating negative 
pressure are downstream from the nozzle orifices, so 
that they serve sucking ink more effectively. A filter 528 
is placed downstream from the ink supply needle 524, 
whereby the foreign substances of dust, etc., can be 20 
prevented from entering the recording head 7. 
[0310] The described valve unit 523 is formed on 
the carriage 1 as shown in Fig. 16. The main body of the 
ink jet recording apparatus is formed with a pad 41 . 
[0311] When the carriage 1 moves to the non-print 25 
area and the pin lever 523f strikes against the pad 41, 
the side wall of the valve body 523a is pressurized 
through the pin lever 523f, the valve spring 523h, and 
the lever 523b. 

[031 2] In the valve body 523a, the ink flow passage 30 
522 is formed and is closed by external pressure P, clos- 
ing the valve unit 523. 

[0313] On the other hand, when the carriage 1 
moves to the print area, the pad 41 and the pin lever 
523f are brought away from each other and the pres- 35 
sure P applied to the valve body 523a through the pin 
lever 523f, the valve spring 523h, and the lever 523b is 
released. At this time, the valve body 523a. which is 
formed of an elastic substance, is opened by the resto- 
ration farce of the elastic substance. <o 
[0314] In the above-described embodiment, the 
valve unit 523 is formed as a separate body from the 
recording head 7. However, the valve body 523a may be 
formed integrally with the recording head 7 on the top 
face thereof, as shown in Figs. 17A and 17B. In this 45 
case, the ink supply needle 524 can be eliminated. 
[0315] In the description of the above-described 
embodiment, the valve body 523a is formed with the 
pentagonal ink flow passage, as shown in Fig. 15C. 
However, the ink flow passage is not limited to it and so 
may have any of the shapes shown in Figs. 1 8 to 21 . 
[0316] The ink flow passages are gradually closed 
as shown in from Figs. 18A to 18D, from Figs. 19A to 
19D, from Figs. 20A to 20D and Figs. 21Ato21C. 
[0317] Each of the rectangular frames shown in 55 
Figs. 18 to 21 is enlargement of the shape of the ink flow 
passage in the corresponding state. 
[0318] The ink flow passage 522 in the valve body 



523a shown in Fig. 18 is formed like a hexagon long in 
a direction perpendicular to the application direction of 
the external pressure P. 

[0319] The ink flow passage 522 in the valve body 
523a shown in Fig. 19 is formed like a so-called rhom- 
bus having a long diagonal line perpendicular to the 
application direction of the external pressure P. 
[0320] The apex in the application direction of the 
external pressure P is shaped like R (curved face) and 
the apex in the direction perpendicular to the application 
direction of the external pressure P is shaped like a 
square. 

[0321] Further, the ink flow passage 522 in the 
valve body 523a shown in Fig. 20 is formed like a so- 
called pentagon having one side positioned in a parallel 
direction to the line perpendicular to the application 
direction of the external pressure P on the side wall sur- 
face side (outer side) and one apex positioned facing 
the one side on the center side (inner side). 
[0322] The apex positioned on the center side 
(inner side) is rounded and other apexes are shaped 
each like a square. 

[0323] Further, the ink flow passage 522 in the 
valve body 523a shown in Fig. 21 is formed like a so- 
called pentagon having one apex positioned on the side 
wall surface side (outer side) and one side positioned in 
parallel with the line perpendicular to the application 
direction of the external pressure P on the center side 
(inner side), contrary to that in Fig. 20. 
[0324] The apex positioned on the center side 
(inner side) is rounded and other apexes are shaped 
each like a square. 

[0325] Particularly, for the ink flow passage shown 
in Fig. 21 , the tip on the side (side wall surface side) to 
which the external pressure is applied asymmetrically 
with respect to the line perpendicular to the application 
direction of the external pressure P is rounded, the 
opposite side is shaped like a so-called trapezoid, and 
the intersection point is shaped like a square. Thus, as 
compared with the valve bodies 523a shown in Figs. 18 
to 20. the crush amount until the ink flow passage is 
closed can be lessened and consequently the closing 
load can be decreased. 

[0326] Next, a suction method of ink from the 
recording head in the described ink jet recording appa- 
ratus will be discussed with reference to a flowchart of 
Fig. 22. 

[0327] Fig. 22 shows an example of an ink suction 
method of powerful cleaning using the valve unit for 
example. 

[0328] At step S1 1 1 shown in Fig. 22, the carriage 
motor 2 is driven for moving the carriage 1 to the non- 
print area and the recording head is capped. 
[0329] Subsequently, at step S112, the carriage 
motor 2 is driven for moving the carriage 1 to the non- 
print area until the pad 41 of the main body of the 
recording apparatus and the pin lever 523f of the valve 
unit 523 interfere and the ink flow passage 522 formed 
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in the valve body 523a is closed, and the valve unit 523 
is closed. 

[0330] Subsequently, at step S1 13, the pump driver 
is operated for applying negative pressure to the nozzle 
orifices, etc. 

[0331] Subsequently, at step S114, the carriage 
motor 2 is driven for moving the carriage 1 to the print 
area until the pad 41 of the main body of the recording 
apparatus and the pin lever 523f of the valve unit 523 do 
not interfere, and the valve unit 523 is opened. 
[0332] As the valve unit 523 is opened, the negative 
pressure state is opened to the atmosphere instantane- 
ously and the air bubbles in the upper part of the head 
filter or entering the recording head are discharged from 
the nozzle orifices together with discharging of ink. 
[0333] Thus, the valve unit 523 according to the 
invention is closed at step S1 12 and negative pressure 
is applied at step S1 13, whereby it is made possible to 
generate negative pressure higher than negative pres- 
sure applied by normal pump between the valve unit 
523 and the suction pump 11, and a large negative 
pressure can be generated even by a low-capability 
pump, so that it is made possible to make low noise, 
miniaturize the recording apparatus, and manufacture it 
at low costs. 

[0334] Sufficient negative pressure is applied 
between the valve unit 523 and the suction pump 1 1 at 
step S113 and when the valve unit 523 is opened at 
step S114, only the atmospheric open part of the ink 
cartridge is opened to the atmosphere, so that a quick 
ink flow occurs from the ink cartridge 8 to the suction 
pump side. 

[0335] Thus, the air bubbles moves in the head rap- 
idly following the ink flow and are discharged speedily 
from the nozzle orifices together with ink. 
[0336] If the negative pressure is set to -0.3 kgf/cm 2 
with respect to the atmosphere in the closed value 
state, the bubbles in the upper part of the head filter are 
expanded and pass through the head filter before the 
valve unit is opened. After this, if the valve unit is closed, 
the expanded air bubbles are restored to the former 
state downstream from the head filter and are dis- 
charged to the outside along the ink flow. 
[0337] Steps S1 12 to S1 1 4 are repeated more than 
once, whereby it is made possible to discharge air bub- 
bles that cannot be discharged by executing the steps 
once. 

[0338] In this case, if the valve unit 523 is opened at 
step S114 or applied negative pressure becomes 
atmospheric pressure at step S1 14 and then again the 
process is returned to step S1 12 and the valve unit 523 
is closed, applying the negative pressure can be contin- 
ued until the negative pressure applied at step S113 
becomes atmospheric pressure, and the dischargeabil- 
ity of air bubbles can be enhanced. 
[0339] Further, if before the applied negative pres- 
sure is restored to atmospheric pressure after the valve 
unit 523 is opened at step S1 14, again the process is 



returned to step S1 12 and the valve unit 523 is closed, 
a pulsation state can be entered as pressure. Also in 
this case, the dischargeability of air bubbles can be 
enhanced. 

5 [0340] Before the valve unit 523 is closed at step 
S1 12, the suction step is executed for sucking ink into 
the capping unit 10 and the suction pump 11, then the 
valve closing step (step S112), the suction step (step 
S1 13); and the valve opening step (S1 14) are executed. 

10 [0341 ] The suction step is thus executed before the 
valve unit 523 is closed, whereby the capping unit 10 
and the suction pump 1 1 are filled with ink, so that neg- 
ative pressure can be raised rapidly at the subsequent 
suction step. 

is [0342] Further, the valve unit 523 is opened at step 
S114 while the suction step (step S113) is being exe- 
cuted. 

[0343] In this case, negative pressure is always 
applied to the nozzle orifices, so that air bubbles hard to 
20 discharge can also be discharged. 

[0344] Further, any valve where ink suction is not 
required is closed, whereby unnecessary ink discharg- 
ing can be decreased. 

[0345] The ink discharge amount can also be 
25 decreased by closing the valve unit 523 and sucking 
from the suction pump. 

[0346] Next, cleaning the ink jet recording head 
using the valve unit described above will be discussed. 
[0347] First, after the negative pressure applied into 

30 the cap and the recording head 7 is opened at step 
S1 14, the valve unit 23 is again closed and remains 
closed until completion of the wiping operation. 
[0348] At this time, ink and air bubbles discharged 
at step S114 remain in the capping unit 10 and are 

35 deposited on a nozzle plate of the recording head 7. 
[0349] However, since the valve unit 523 is closed, 
the discharged ink and air bubbles can be prevented 
from flowing backward from the nozzle orifices and at 
the wiping time, the wiper can be prevented from push- 

40 ing the air bubbles into the nozzle orifices. 

[0350] Therefore, destruction of a meniscus formed 
in the nozzle orifices can be prevented. 
[0351] It is effective to handle the valve unit also 
when the ink cartridge is replaced. 

45 [0352] That is, the valve unit corresponding to the 
ink cartridge to be replaced is closed before the ink car- 
tridge is replaced. 

[0353] To replace the ink cartridge, it is feared that 
the meniscus of the nozzle orifices may be destroyed 

50 due to a shock when a new cartridge is mounted or vol- 
ume change; the ink cartridge is replaced after the valve 
unit is closed, whereby the meniscus can be protected 
when the ink cartridge is replaced. 
[0354] To replace the ink cartridge, it is made possi- 

55 ble to skip the replacement cleaning operation after the 
ink cartridge is replaced. 

[0355] In addition, the valve unit 523 is closed in the 
halt state of the ink jet recording apparatus, during 
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transport thereof, etc. 

[0356] At this time, the ink flow passage is closed 
upstream from the nozzle orifices in the valve unit 523. 
[0357] Thus, drips of ink when the recording appa- 
ratus halts can be prevented. 

[0358] The meniscus can also be protected against 
a shock during transport of the ink jet recording appara- 
tus. 

[0359] In the description of the above embodiments 
of the invention, the recording apparatus comprising the 
ink cartridge mounted detachably on the carriage (Fig. 
1) has been covered. 

[0360] However the invention is applied to other 
recording apparatus than the described recording appa- 
ratus. 

[0361] For example, the invention can also be 
applied to a recording apparatus of a type wherein a 
separate main tank (ink cartridge) is placed in the main 
body of the recording apparatus and a subtank is 
mounted on a carriage. 

[0362] Fig. 23 is a plan view to show a sixth embod- 
iment of the ink jet recording apparatus of the type that 
can incorporate the invention. 

[0363] In the figure, numeral 1 denotes a carriage. 
The carriage 1 is driven via a timing belt 3 by a carriage 
motor 2 and can be reciprocated in the length direction 
of a paper feed member 5 through a guide shaft 4. 
[0364] An ink jet recording head 1 06 is mounted on 
the side of the carriage 1 facing recording paper 6. 
[0365] Subtanks 107 as ink storage sections for 
supplying ink to the recording head 106 are placed on 
the carriage 1 . 

[0366] In the embodiment, four subtanks 107 are 
provided in a one-to-one correspondence with black, 
yellow, magenta, and cyan inks to temporarily store the 
inks in the subtanks. 

[0367] Black, yellow, magenta, and cyan inks are 
supplied to the subtanks 107 from main tanks 108 to 
1 1 1 as ink cartridges placed at the end of the recording 
apparatus via tubes 112. 

[0368] On the other hand, a capping unit 113 for 
sealing the nozzle formation face of the recording head 
106 is placed in a non-print area (home position) on the 
move path of the recording head 106. 
[0369] When the carriage 1 moves to the home 
position, the capping unit 113 can move upward follow- 
ing the move of the carriage 1 for sealing the nozzle for- 
mation face of the recording head 106. 
[0370] The capping unit 113 functions as a lid for 
sealing the nozzle formation face of the recording head 
106 for preventing nozzle orifices from being dried dur- 
ing the halt period of the recording apparatus and func- 
tions as an ink receptacle during the flushing operation 
of idly jetting ink drops by applying a drive signal not 
involved in print to the recording head 106, and has a 
function of executing the cleaning operation of causing 
negative pressure produced by a suction pump 
(described later) to act on the recording head 106 for 



sucking and discharging ink from the recording head 
106. 

[0371 ] As described later, one end of a tube in the 
suction pump (tube pump) as a decompressor is con- 

5 nected to the interna! space of the capping unit 13. 
[0372] A wiping member 114 comprising an elastic 
plate of rubber, etc., is placed in the proximity of the 
print area side in the capping unit 1 13 so that the wiping 
member 114 can move forward and backward with 

10 respect to the move track of the recording head 106. 
When the carriage 1 moves to and from the side of the 
capping unit 113, the wiping member 1 14 can wipe and 
dean the nozzle formation face of the recording head 
106. 

75 [0373] The ink jet recording apparatus shown in 
Fig. 23 is a comparatively large-scaled recording appa- 
ratus mainly provided for offices or business application. 
To handle a large amount of print, the ink jet recording 
apparatus needs to comprise large-capacity ink car- 

20 tridges. Thus, main tanks as ink cartridges are loaded 
into a cartridge holder placed on the side of the main 
body of the recording apparatus, for example. 
[0374] The subtanks are placed on the carriage on 
which the recording head is mounted, ink is supplied 

25 from the main tanks to the subtanks via ink supply 
tubes, and ink is supplied from the subtanks to the 
recording head. 

[0375] That is, as shown in Fig. 24, an ink cartridge 
51 is stored in a cartridge holder (not shown) placed in 

30 a part of the recording apparatus and ink is supplied 
from the ink cartridge 51 via a tube 52 to the subtank 
301 07 as the ink storage section placed on the carriage. 
[0376] A valve unit 36 for opening and closing the 
ink flow passage is placed between the subtank 30107 

35 and the recording head 106. 

[0377] In this case, a filter member 54 is placed in 
the ink flow passage from the valve unit 36 to the 
recording head 106 and ink is supplied through the filter 
member 54 to the recording head 106. 

40 [0378] The valve unit 36 adopts a diaphragm valve 
36e as shown on an enlarged scale in Fig. 25. The dia- 
phragm valve 36e is placed in a cup-like housing 36f 
placed between an ink flow passage 35a from the sub- 
tank 30107 and an ink flow passage 35b from the dia- 

45 phragm valve 36e to the recording head 106. 

[0379] A valve shaft 36g for supporting almost the 
center of the diaphragm valve 36e is driven axial ly by an 
actuator (not shown), whereby the center of the dia- 
phragm valve 36e is moved up and down and the valve 

so is opened and closed in the housing 36f. 

[0380] That is, the state shown in Fig. 26 is an open 
valve state. When the valve shaft 36g is driven upward 
in the figure, the center of the diaphragm valve 36e 
closes the ink flow passage 35b to the recording head 

55 1 06, formed on the housing 36f and a closed valve state 
is entered. 

[0381 ] The configuration is preferably adopted for a 
comparatively large-scaled recording apparatus for 
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handling a large paper width and a comparatively small 
amount of ink is always stored in each subtank, 
whereby inertia resistance for the reciprocating carriage 
can be decreased. The advantages similar to those 
described above can also be provided by adopting the 
control sequence shown in Fig. 8, 10, or 11 in the 
described recording apparatus. 
[0382] Next, a seventh embodiment of ink jet 
recording apparatus of the invention will be discussed. 
[0383] This preferred embodiment of ink jet record- 
ing apparatus of the invention, first an ink jet recording 
apparatus comprising a valve unit high in durability and 
capable of providing a reliable opening/closing action 
with a comparatively small actuating force will be dis- 
cussed. 

[0384] The embodiment discussed here can be 
applied to both a recording apparatus of a type wherein 
an ink cartridge placed on a carriage is used as an ink 
storage section (see Fig. 1) and a recording apparatus 
of a type wherein a separate main tank is placed in the 
main body of the recording apparatus and a subtank is 
mounted on a carriage (see Fig. 23); the latter type is 
taken as an example in the description to follow. 
[0385] Fig. 26 is a schematic drawing to show an 
ink supply passage from a subtank to a recording head 
of a recording apparatus incorporating the embodiment 
and a discharge passage from capping unit to a waste 
ink tank. 

[0386] In Fig. 26, numeral 1 07 denotes one subtank 
as an ink storage section. The subtank 30107 is formed 
in a part with an ink entrance port 107a for receiving 
supply of ink from one ink cartridge corresponding to 
the subtank 30107. 

[0387] The subtank 30107 is also formed with an 
ink guide passage 107b for guiding ink from the vicinity 
of the bottom part, and an ink derivation passage 107c 
through a valve unit 121 (described later). 
[0388] A connection tube 122 is connected at one 
end to the ink derivation passage 107c and at an oppo- 
site end to the recording head 106, thereby forming an 
ink supply passage from the subtank to the recording 
head. 

[0389] On the other hand, a tube 123a forming a 
part of a suction pump (tube pump) 123 is connected at 
one end to the internal space of capping unit 113 and an 
opposite end of the tube through the suction pump is 
placed so as to face the inside of a waste ink tank 124. 
[0390] In the configuration, when the cleaning oper- 
ation is performed, a nozzle formation face 106a of the 
recording head 106 is sealed by the capping unit 1 13 
and negative pressure is applied from the suction pump 
123. 

[0391] Ink discharged into the capping unit 113 by 
performing the cleaning operation is discharged into the 
waste ink tank 124 placed on the discharge side of the 
suction pump 123. 

[0392] Fig. 27 shows the configuration of the valve 
unit 121 placed in the subtank 30107 on an enlarged 



scale. 

[0393] A diaphragm 131 formed of a flexible mate- 
rial of rubber, etc., almost like a disc is attached to the 
valve unit 121 shown in Fig. 27 with the peripheral mar- 
s gin of the diaphragm 131 sandwiched between an 
upper case and a lower case forming the subtank 
30107. 

[0394] The ink guide passage 107b formed in the 
subtank 30107 is opened in a part in the circumferential 
10 direction on one side of the diaphragm 131 (in the fig- 
ure, the bottom side of the diaphragm), and the commu- 
nication hole, namely, the ink derivation passage 107c 
is opened in a position opposed to the center of the dia- 
phragm 131. 

75 [0395] One end part of a rod 132 as an actuation 
body is attached to the center on an opposite side of the 
diaphragm 131 (in the figure, the top side of the dia- 
phragm) so that it is buried in the diaphragm 131. The 
rod 132 is driven by an actuator (not shown) in the C 

20 direction in the figure. 

[0396] A bend part 133 is formed like a ring 
between the center and the peripheral margin of the dia- 
phragm 131. When the rod 132 is driven axially, 
mechanical resistance in the move action of the center 

25 of the diaphragm 131 through the bend part 133 is less- 
ened. 

[0397] Further, an annular convex 134 is formed 
almost at the center on the bottom side of the dia- 
phragm 131. The center of the diaphragm 131 is 

30 deformed in a direction orthogonal to the side (plane) 
direction by press pressure of the rod 132 and the open- 
ing toward the communication hole, namely, the ink der- 
ivation passage 1 07c for forming the ink flow passage to 
the recording head can be closed by the annular convex 

35 134 as indicated by the chain line. 

[0398] The described valve unit 121 holds an open 
valve state at the normal time with the diaphragm 131 
placed in the state shown in Fig. 27. 
[0399] When the rod 132 is driven in the arrow 

40 direction A by the actuator, the center of the diaphragm 
131 moves down via the annular bend part 133 and the 
opening toward the ink derivation passage 107c is 
closed by the annular convex 134 as indicated by the 
chain line, as described above. 

45 [0400] In this case, the rod 132 can deform a little 
the center of the diaphragm 131 to set a closed valve 
state and the press pressure of the rod 132 is released, 
whereby an open valve state can be set by the restora- 
tion force of the diaphragm 131. Therefore, the actua- 

50 tion force of the actuator required for the opening or 
closing operation of the valve unit 121 needs to be only 
a little. 

[0401] The valve unit 121 is placed in the closed 
valve state in a state in which the nozzle formation face 
55 1 06a of the recording head 1 06 is sealed by the capping 
unit 1 1 3 and negativ pressure is received from the suc- 
tion pump 123; the valve unit 121 is placed in the open 
valve state in a state in which negative pressure is accu- 
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mulated in the ink flow passage from the diaphragm 131 
to the recording head 106. 

[0402] Such an operation sequence is executed, 
whereby a fast ink flow can be generated in the ink flow 
passage instantaneously just after the valve unit 121 is 
opened, and air bubbles existing in the ink flow passage 
together with ink having increased viscosity can be eas- 
ily discharged into the side of the capping unit 1 1 3. 
[0403] In a state in which the valve unit 121 is 
closed and negative pressure is received from the suc- 
tion pump 123, the diaphragm 131 receives the nega- 
tive pressure and the opening toward the ink derivation 
passage 107c is sealed more reliably by the annular 
convex 134 for maintaining a reliable valve closing func- 
tion. 

[0404] Further, the operation of opening and clos- 
ing the valve by the diaphragm 131 in the described 
configuration can lead to extremely small volume 
change of the recording head involved in the operation 
of opening and closing the valve and a problem of 
destroying a meniscus of ink formed in the nozzle ori- 
fices of the recording head can be circumvented. 
[0405] Next, Fig. 28 shows an eighth embodiment 
as valve unit; it is a schematic drawing to show an ink 
supply passage from a subtank as an ink storage sec- 
tion to a recording head and a discharge passage from 
capping unit to a waste ink tank like Fig. 26. 
[0406] Parts identical with or similar to those previ- 
ously described with reference to Fig. 26 are denoted by 
the same reference numerals and therefore will not be 
discussed again. 

[0407] A valve unit 1 41 in the embodiment shown in 
Fig. 28 is placed in a bottom part of a subtank 301 07 as 
an ink storage section for supplying ink to a recording 
head 1 06 formed integrally with them. 
[0408] Fig.. 29 shows the configuration of the valve 
unit 141 placed in the bottom part of the subtank 30107 
on an enlarged scale, 

[0409] As shown in Fig. 29, the valve unit 141 com- 
prises a diaphragm 151 made of a flexible material, 
such as rubber. The diaphragm 151 has a peripheral 
margin formed integrally with an annular retention mem- 
ber 153 via a bend part 152. 

[0410] A thick valve body 154 is formed integrally 
almost at the center of the diaphragm 1 51 and is formed 
with a through hole 155 made from one side to an oppo- 
site side as an ink flow passage from the subtank 30 107 
to the recording head 106. 

[0411] A wall member 156 formed a little like a 
sphere is pieced upstream from the valve body 154 
formed almost at the center of the diaphragm 151, 
namely, in the bottom part of the subtank 30107, and a 
part of a member 1 57 for forming the wall member 1 56 
in one piece is formed with a through hole 158 allowing 
ink to be introduced into the valve body 154 from the 
subtank 30107. 

[041 2] On the other hand, a coil-like spring member 
160 for urging the valve body 154 toward the wall mem- 



ber 156 via a spring washer 159 all the time is placed 
downstream from the valve body 154 formed almost at 
the center of the diaphragm 151 . 
[0413] The spring member 160 is abutted at an 

5 opposite end against a plate body 163 put on a film 
member 162 attached so as to close the bottom face of 
the annular member 161. A press plate 164 is attached 
to a position opposed to the plate body 163 via the film 
member 162 and press pressure of an actuator (not 

10 shown) acts on the press plate 1 64 in the arrow C direc- 
tion. 

[0414] Therefore, according to the described valve 
unit 141, upon reception of the press pressure of the 
actuator in the arrow C direction, the valve body 154 

75 formed almost at the center of the diaphragm 151 via 
the spring member 1 60 abuts the wall member 156 and 
acts so as to enter a closed valve state for blocking an 
ink flow from the upstream side to the downstream side. 
[0415] When the press pressure of the actuator in 

20 the arrow C direction is not received, as shown in Fig. 
29, the valve body 154 is brought into contact with the 
wall member 156 by adequate press pressure of the 
spring member 160 and therefore forms a check valve. 
[0416] In this case, the valve body 154 forms a 

25 check valve as described above and also allows ink to 
flow in the arrow D direction while it is a little brought 
into or out of contact with the wall member 1 56 because 
of a predetermined or more pressure difference 
between the upper stream side and the downstream 

30 side of the diaphragm 151, namely, forms a pressure 
regulating valve. 

[0417] Particularly, according to the configuration 
shown in the figure, the diaphragm 151 receives differ- 
ential pressure in a wide area, becomes deformed 

35 downstream, and supplies ink from the subtank 30107 
to the recording head 1 06 via a passage as indicated by 
the arrow D in response to slight ink consumption of the 
recording head. Therefore, the ink supply action can be 
carried out without causing successive load to act on 

40 the recording head. 

[041 8] According to the described configuration, the 
actuation force of the actuator required for the opening 
or closing operation of the valve unit 141 needs to be 
only a little. In addition, volume change of the recording 

45 head involved in the operation of opening and closing 
the valve, can be made extremely small and a problem 
of destroying a meniscus of ink formed in the nozzle ori- 
fices of the recording head can be circumvented. 
[0419] The valve unit 141 is placed in the closed 

so valve state by press pressure of the actuator in the 
arrow A direction in a state in which a nozzle formation 
face 106a of the recording head 106 is sealed by the 
capping unit 1 13 and negative pressure Is received from 
the suction pump 123; the valve unit 141 is placed in the 

55 open valve state in a state in which negative pressure is 
accumulated in the ink flow passage from the dia- 
phragm 151 to the recording head 106. 
[0420] Such an operation sequence is executed, 
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whereby a fast ink flow can be generated in the ink flow 
passage instantaneously just after the valve unit 141 is 
opened, and air bubbles existing in the ink flow passage 
together with ink having increased viscosity can be eas- 
ily discharged into the side of the capping unit 113. 5 
[0421] Next, a ninth embodiment of an ink jet 
recording apparatus that can be applied to both the ink 
cartridge type and the subtank type like the eighth 
embodiment, is excellent in durability and reliability of 
the operation, does not cause pressure change in a 10 
recording head in the valve opening or closing opera- 
tion, and comprises a valve unit in which air bubbles are 
hard to remain will be discussed. 
[0422] Fig. 30 shows schematically a preferred ink 
supply system that can be installed in the recording 15 
apparatus of the type shown in Fig. 23. 
[0423] In Fig. 30, numeral 221 denotes a compres- 
sor pump. Pressurized air produced by the compressor 
pump 221 is supplied to a pressure regulating valve 222 
and the pressurized air regulated by the pressure regu- 20 
lating valve 222 is supplied via a pressure detector 223 
to a main tank 108 (in Fig. 30, one of the main tanks is 
shown as a representative). 

[0424] Fig. 30 shows a schematic configuration of 
the main tank 108. As shown here, the outer hull of the 25 
main tank 108 is formed in a hermetic state and an ink 
pack 224 formed of a flexible material encapsulating ink 
is housed in the main tank 108. 
[0425] The space provided between the outer hull 
of the main tank 1 08 and the ink pack 224 forms a pres- 30 
sure chamber 225 and pressurized air via the pressure 
detector 223 is supplied to the pressure chamber 225. 
[0426] According to the configuration, the ink pack 
224 housed in the main tank 108 receives pressuriza- 
tion of the pressurized air and causes an ink flow to be 35 
produced from the main tank 108 to a subtank 207. 
[0427] Therefore, ink pressurized in the main tank 
108 is supplied to the subtank 207 mounted on a car- 
riage via an ink replenishment valve 226 and an ink 
replenishment tube 112. 

[0428] The configuration of the subtank 207 shown 
in Fig. 30 will be discussed in detail below. In the basic 
configuration of the subtank 207; a float member 231 is 
placed in the subtank 207 and a permanent magnet is 
attached to a part of the float member 231. 
[0429] Magnetoelectric devices 233a and 233b typ- 
ified by hall devices are placed on a board 234 and are 
attached to a side wall of the subtank 207. 
[0430] According to the configuration, a magnetic 
force line of the permanent magnet 232 acts on the 
magnetoelectric devices 233a and 233b in accordance 
with the float position of the float member 231 respon- 
sive to the ink amount in the subtank 207. 
[0431 ] Therefore, the ink amount in the subtank 207 
can be detected based on electric output of the magne- 
toelectric devices 233a and 233b. 
[0432] According to the described configuration, for 
example, if the ink amount in the subtank 207 lessens, 



the position of the float member 231 housed in the sub- 
tank 207 moves in the gravity direction and the position 
of the permanent magnet 232 also moves in the gravity 
direction accordingly. 

[0433] Therefore, the ink replenishment valve 226 
is opened in response to electric output of the magneto- 
electric devices 233a and 233b as the permanent mag- 
net 232 moves. 

[0434] Thus, the ink pressurized in the main tank 
108 is sent to the subtank 207 in which the ink amount 
lowers. 

[0435] If the ink amount in the subtank 207 reaches 
a sufficient amount, the valve 226 is opened based on 
electric output of the magnetoelectric devices 233a and 
233b. 

[0436] Such a process is repeated, whereby ink is 
supplied from the main tank 108 to the subtank 207 
intermittently, so that an almost constant amount of ink 
is always stored in each subtank. 
[0437] Since the ink pressurized by air pressure in 
the main tank 108 is thus supplied to each subtank 
based on electric output based on the position of the 
float member placed in the subtank, ink replenishment 
response can be enhanced and the ink storage amount 
in the subtank can be managed appropriately. 
[0438] From the subtank 207, ink is supplied to the 
recording head 106 via a valve unit 235 (described 
later) and a tube 236 connected thereto. 
10439] Ink drops are jetted from nozzle orifices 
106a in a nozzle formation face of the recording head 
based on print data given to an actuator (not shown) of 
the recording head 106. 

[0440] In Fig. 30, numeral 113 denotes capping 
unit. A tube 237a connected at one end to the capping 
unit 1 13 forms a part of a suction pump (tube pump) 237 
as decompressor. 

[0441] The tube 237a is connected at an opposite 
end to a waste ink tank 238 and waste ink sucked by the 
suction pump 237 is derived into the waste ink tank 238. 
[0442] Figs. 31 to 33 show an embodiment of the 
described subtank 207. Fig. 31 is a perspective view of 
the subtank with a part thereof omitted, viewed from 
one side direction, and Fig. 32 is a perspective view of 
the subtank from the direction. 
[0443] Further, Fig. 33 is a rear view of the subtank 
from the rear direction. 

[0444] Parts identical with or similar to those previ- 
ously described are denoted by the same reference 
numerals in Figs. 31 to 33. 

[0445] The subtank 207 is formed almost like a rec- 
tangular parallelepiped and the whole is made flat. 
[0446] The outer hull of the subtank 207 is formed 
of a box-like member 241 comprising one side wall 241 a 
and a peripheral wall 241b contiguous therewith molded 
in one piece. A film-like member 242 made of, for exam- 
ple, a transparent resin (see Fig. 32) is attached to the 
opening peripheral margin of the box-like member 241 
in an intimate contact state by thermal welding and an 
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ink storage space 243 is formed in the space sur- 
rounded by the box-like member 241 and the film-like 
member 242. 

[0447] A support shaft 244 proj ecti ng toward the ink 
storage space 243 from the one side wall 241a forming 
a part of the box-like member 241 is formed integrally 
with the box-like member 241 , and a float member 231 
is placed so that it can rotate on the support shaft 244 in 
the gravity direction in the ink storage space 243. 
[0448] In the embodiment, the support shaft 244 is 
placed in the proximity of the end part in the horizontal 
direction in the ink storage space 243 and float member 
231 is formed integrally with a support arm 245 rotated 
on the support shaft 244 at a movable free end of the 
support arm 245. 

[0449] As shown in Fig. 32, the above-mentioned 
permanent magnet 232 is attached to the movable free 
end of the support arm 245. When the support arm 245 
is placed almost in a horizontal state, the permanent 
magnet 232 is placed in the proximity of an opposite 
end part in the horizontal direction in the ink storage 
space 243, namely, is brought closest to the hall devices 
233a and 233b placed on the board 234, attached to the 
side wall of the subtank 207. 

[0450] The hall device 233a, 233b is inserted into a 
positioning concave 241c made in the side wall of the 
subtank 207. As the positioning concave 241c is made, 
the side wall of the subtank 207 is.made thinner, so that 
the distance between the move trace of the permanent 
magnet 232 attached to the float member 231 and each 
hall device 233a, 233b can be made shorter. 
[0451 ] On the other hand, an ink replenishment port 

246 is formed in a lower part of the subtank 207 in the 
gravity direction, namely, in the bottom of the peripheral 
wall 241b in the embodiment and ink is supplied to the 
ink storage space 243 from the main tank 108 via the 
above-mentioned tube 1 12 connected to the ink replen- 
ishment port 246. 

[0452] As the ink replenishment port 246 in the sub- 
tank 207 is formed in the lower part in the gravity direc- 
tion as described above; ink from the main tank is 
supplied from the bottom of the ink storage space 243, 
so that occurrence of ink bubbles in the ink storage 
space 243 as ink is supplied is prevented. 
[0453] A plurality of ribs for decreasing the occur- 
rence degree of ink waves in the subtank as the car- 
riage moves are placed in a portion circumventing the 
move areas of the float member 231 end the support 
arm 245 in the subtank 207. In the embodiment, the ribs 

247 are formed integrally with the box-like member 241 
on the base of the one side wall 241a so as to project 
toward the ink storage space 243 from the one side wall 
241a of the box-like member 241 forming a part of the 
subtank 207, but may be formed as separate bodies. 
[0454] As described above, the occurrence degree 
of ink waves in the subtank can be decreased in the 
presence of the ribs 247, so that the detection accuracy 
of the hall devices for detecting the storage amount of 



ink in the subtank 207 can be enhanced. 
[0455] In the subtank 207, an ink derivation port 
248 is formed near the ink replenishment port 246. 
[0456] A filter member 249 for trapping foreign sub- 

5 stances, shaped like a pentagon (home plate) is placed 
so as to cover the ink derivation port 248. Therefore, ink 
stored in the subtank 207 is guided into the ink deriva- 
tion port 248 through the filter member 249. 
[0457] Moreover, since the ink derivation port 248 is 

10 formed near the ink replenishment port 246, compara- 
tively new ink introduced into the subtank 207 is derived 
immediately from the ink derivation port 248. 
[0458] As shown in Fig. 33, the ink derived from the 
ink derivation port 248 is guided into a groove 250 

15 formed in the rear face of the side wall 241a and leads 
to the above-mentioned valve unit 235 placed on the 
bottom of the subtank 207 via an ink derivation passage 
formed of a film-like member 251 thermally welded so 
as to cover the groove 250. 

20 [0459] The ink is guided through the valve unit 235 
into a groove 252 formed in the rear face of the side wall 
241a and is made to lead to a connection port 253 of a 
tube 236 connected to the recording head 206 through 
an ink derivation passage (denoted by the same 

25 numeral 252 as the groove) formed of the above-men- 
tioned film-like member 251 thermally welded so as to 
cover the groove. 

[0460] On the other hand, as shown in Figs. 31 and 
32, a communication groove 261 communicating with 

30 the ink storage space 243 is formed in an inclination 
state in the upper half part of the subtank 207, and an 
air hole 262 piercing the side wait 241a of the subtank 
207 to the rear face is made in the upper end part of the 
communication groove 261, namely, in a higher part of 

35 the subtank 207 in the gravity direction. 

[0461 ] The air hole 262 is closed by a water repel- 
lent film 263 placed on the rear face of the subtank 207 
and shaped almost like a rectangle for allowing the 
atmosphere to pass through and blocking the passage 

40 of ink, as shown in Fig. 33. 

[0462] The water repellent film 263 is placed in 
such a manner that it is housed in a recess made in the 
rear face of the side wall 241a of the subtank 207. and 
is retained by a film member 264 thermally welded so as 

45 to cover the rear face of the upper part of the side wall 
241a. 

[0463] A meander groove 265 is formed in the rear 
face of the side wall 241a via the water repellent film 
263 and communicates at one end part with a closed- 
50 end hole 266 made in the side wall 241 a of the subtank 

207. 

[0464] The meander groove 265 and the closed- 
end hole 266 are covered with the film member 264 in a 
hermetic state and therefore an air circulation resist- 
55 ance passage (denoted by the same numeral 265 as 
the meander groove) is formed of the meander groove 
265 and the film member 264. 

[0465] The film member 264 covering the closed- 
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end hole 266 is destroyed with a sharp tool, etc., 
whereby the air hole 262 is allowed to communicate 
with the atmosphere via the air circulation resistance 
passage 265 formed like a meander. 
[0466] Since the air hole 262 formed in the subtank 
207 is covered with the water repellent film 263, if the 
whole recording apparatus is turned upside down, for 
example, by error, a problem of leaking ink in the sub- 
tank 207 can be circumvented in the presence of the 
water repellent film 263. 

[0467] The closed-end hole 266 made in the end 
part of the air circulation resistance passage 265 is pre- 
viously covered with the film member 264 in the her- 
metic state, whereby the subtank can be checked for 
liquid leakage (ink leakage) upon completion of the sub- 
tank as a single. Upon completion of the checking, the 
film member 264 covering the closed-end hole 266 is 
destroyed, whereby the original function can be pro- 
vided. 

[0468] The subtank 207 is formed with a through 
hole 267. The subtanks 207 are supported in a parallel 
state by one support shaft (not shown) piercing the 
through holes 267 for supporting the subtanks 207 for 
forming a subtank unit. 

[0469] Fig. 34 is an enlarged sectional view to show 
the valve unit 235 placed on the subtank 207 described 
above. 

[0470] The valve unit 235, which is placed between 
the subtank 207 as the ink storage section and the 
recording head 106 as described above, has a control 
function of opening and closing the ink flow passage of 
the recording head. 

[0471] In a state in which the valve unit 235 is 
closed, negative pressure is given from a suction pump 
to the capping unit 113 sealing the nozzle formation 
face of the recording head 106 and in a state in which 
sufficient negative pressure is accumulated, the valve 
unit 235 is opened. 

[0472] Under this control , a fast ink flow can be gen- 
erated instantaneously in the ink flow passage from the 
subtank 207 to nozzle orifices 206a of the recording 
head, and the air bubbles remaining in the ink flow pas- 
sage can be discharged effectively. 
[0473] A diaphragm valve 235a made of a flexible 
material, such as a rubber material, is used with the 
valve unit 235, as shown in Fig. 34. 
[0474] The diaphragm valve 235a is attached with 
the peripheral margin of the diaphragm valve 235a 
sandwiched between the box-like member 241 forming 
a part of the subtank 207 and a cylinder member 235c 
attached to the box-like member 241 by screws 235b. 
[0475] One end part of a rod 23 5d as an actuation 
body is attached to the bottom side of the diaphragm 
valve 235a in the gravity direction. Upon reception of an 
axial drive force of the rod 235d, almost the center of the 
diaphragm valve 235a is deformed in a direction orthog- 
onal to the side (plane) direction. 
[0476] The rod 235d can move in the vertical direc- 



tion in the cylinder member 235c. The center of the dia- 
phragm valve 235a is urged to as to project upward as 
shown by the chain line by the action of a coil spring 
235g placed between a disc-like body 235e formed on 

5 the rod 235d and a spring holder 235f placed on the 
inner bottom of the cylinder member 235c. 
[0477] The top side of the diaphragm valve 235a in 
the gravity direction forms an valving control chamber 
235h of the ink flow passage from the subtank 207 to 

10 the recording head 206. 

[0478] An exit port 235I is formed in the valving con- 
trol chamber 235h just above almost the center of the 
diaphragm valve 235a. 

[0479] An annular abutment face 235n against 
is which an annular convex 235m (described later) formed 
on the diaphragm valve 235a is abutted is formed in the 
surrounding of the exit port 235i in the valving control 
chamber 235h. 

[0480] A slope 235j whose diameter gradually less- 
20 ens toward the anti-gravity direction is formed contigu- 
ous with the surrounding of the annular abutment face 
235n. 

[0481] The inclination angle of the slope 235j is 
about 45 degrees with the anti-gravity direction in the 

25 embodiment; preferably it is in the range of ±1 5 degrees 
with respect to 45 degrees shown in the embodiment. 
[0482] On the other hand, an entrance port 235k 
from the subtank 207 to the valving control chamber 
235h is formed at a position circumventing the position 

30 just above the center of the diaphragm valve 235a, 
namely, is formed in a part of the slope 235j in the 
embodiment shown in Fig. 34. 

[0483] Further, the above-mentioned annular con- 
vex 235m is formed integrally almost at the center of the 

35 diaphragm valve 235a facing the side of the valving con- 
trol chamber 235h. As the diaphragm valve 235a 
becomes deformed upward, the annular convex 235m 
abuts the annular abutment face 235n formed in the sur- 
rounding of the exit port 235i and can close the exit port 

40 235L 

[0484] In the described configuration, at the normal 
time, the center of the diaphragm valve 235a receives 
the action of the spring member 235g and is deformed 
so as to project upward and the annular convex 235m 

45 formed at the center of the diaphragm valve 235a abuts 
the annular abutment face 235n formed in the valving 
control chamber 235h and closes the exit port 235i. as 
indicated by the chain line in Fig. 34. 
[0485] To print with the recording head 206, the rod 

so 235d receives the drive force of an actuator (not shown) 
and is pulled downward, whereby the normally closed 
diaphragm valve 235a opens the exit port 235i formed in 
the valving control chamber 235h and is opened. 
[0486] To execute the cleaning operation of the 

55 recording head, as described later, the diaphragm valve 
235a also seals the nozzle orifices 206a of the record- 
ing head by the action of the capping unit 1 13 and in a 
negative pressure accumulation state, the diaphragm 
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valve 235a is opened. 

[0487] The described valve unit 235 can be opened 
by slightly pulling downward the center of the diaphragm 
valve 235a with the rod 235d and the diaphragm valve 
235a can be closed by releasing the pulling of the rod 5 
235d. 

[0488] Therefore, the actuation force of the actuator 
required for the opening or closing operation of the 
valve unit 235 needs to be only a little. 
[0489] The valve unit 235 is closed in a state in 10 
which the nozzle formation face 206a of the recording 
head 206 is sealed by the capping unit 113 and nega- 
tive pressure is received from the suction pump; the 
valve unit 235 is opened in a state in which negative 
pressure is accumulated in the ink flow passage from is 
the diaphragm valve 235a to the recording head 206. 
[0490] Such an operation sequence is executed, 
whereby a fast ink flow can be generated in the ink flow 
passage instantaneously just after the valve unit 235 is 
opened, and air bubbles existing in the ink flow passage 20 
together with ink having increased viscosity, particularly 
air bubbles remaining in the valving control chamber 
235h shown in Fig. 35 can be discharged into the side 
of the capping unit 113. 

[0491 ] In this case, in the valve unit 235, the valving 25 
control chamber 235h is formed above the diaphragm 
valve 235a in the gravity direction, the exit port 235i 
from the valving control chamber 235h to the recording 
head 206 is formed just above almost the center of the 
diaphragm valve 235a, and the slope 235j whose diam- 30 
eter gradually lessens toward the anti-gravity direction 
is formed in the surrounding of the exit port 235i, so that 
the air bubbles remaining in the valving control chamber 
235h can be guided into the vicinity of the exit port 235i 
by the float action. 35 
[0492] Thus, it is made possible to enhance the dis- 
charge effect of the remaining air bubbles still more. 
[0493] Since the annular convex 235m formed 
almost at the center of the diaphragm valve 235a facing 
the side of the valving control chamber 235h comes in 40 
intimate contact with the annular abutment face 235n 
formed in the valving control chamber 235h and closes 
the exit port 235i to the recording head, the annular con- 
vex 235m forms a flexible sealing face and the reliable 
valve opening/closing operation can be provided follow- 45 
ing the linear move operation of the rod 235d. 
[0494] Jhe annular abutment face 235n is made flat 
and preferably the face width is formed to the minimum 
width for allowing the annular convex 235m to come in 
intimate contact with the annular abutment face 235n 50 
when the diaphragm valve 235a is closed; this structure 
makes it possible to enhance the dischargeability of the 
air bubbles guided on the slope 235j. 
[0495] According to the above-described configura- 
tion, if negative pressure is applied in the recording 55 
head capping state, the diaphragm valve 235a receives 
the negative pressure the sealing property in the closed 
valve state is more enhanced, and the reliable valve 



closing function is maintained. 

[0496] As the diaphragm valve is adopted, volume 
change of the recording head involved in the operation 
of opening and closing the valve can be made extremely 
small and a problem of destroying a meniscus of ink 
formed in the nozzle orifices of the recording head can 
be circumvented. 

[0497] Fig. 35 shows a tenth embodiment of the 
valve unit 235; it is an enlarged sectional view of the 
valving control chamber 235h shown in Fig. 34. 
[0498] Parts identical with or similar to those previ- 
ously described with reference to Fig. 34 are denoted by 
the same reference numerals in Fig. 35. 
[0499] In the embodiment shown in Fig. 35, the exit 
port 235i in the valving control chamber 235h is formed 
just above almost the center of the diaphragm valve 
235a, and the entrance port 235k in the valving control 
chamber 235h from the ink storage section to the valv- 
ing control chamber 235h is formed at a lower position 
in the gravity direction with respect to the exit port 235i. 
[0500] The entrance port 235k is thus formed .at a 
lower position in the gravity direction with respect to the 
exit port 235i, whereby an orderly ink flow can be gener- 
ated in the valving control chamber 235h from the 
entrance port 235k to the exit port 235i of the upper part 
and the discharge action of the air bubbles remaining in 
the valving control chamber 235h can be promoted 
accordingly. 

[0501 ] Preferably, a distance h between the annuiar 
abutment face 235n formed in the valving control cham- 
ber 235h and the convex 235m of the diaphragm valve 
235a is set to 1 .0 to 1 .3 mm in the open state of the dia- 
phragm valve 235a as shown in Fig. 35. If the distance 
h is less than 1 .0 mm, a phenomenon in which the air 
bubbles remaining in the valving control chamber 235h 
are caught between the convex 235m of the diaphragm 
valve 235a and the annular abutment face 235n occurs, 
increasing the degree giving fault to the dischargeability 
of the air bubbles from the valving control chamber 
235h. 

[0502] If the distance h is less than 1 .3 mm, when 
the diaphragm valve 235a is opened or closed, volume 
change of the valving control chamber 235h grows and 
particularly, useless pressure variation is given to the 
recording head 206. 

[0503] On the other hand, as shown in Figs. 34 and 
35. the flow passage area of the ink derivation passage 
252 from the exit port 235i in the valving control cham- 
ber 235h to the recording head is small just near the exit 
port 235i in the valving control chamber 235h and is 
increased as the ink derivation passage 252 is away 
from the valving control chamber 235h. 
[0504] According to the configuration, the ink flow 
velocity at the exit port 235i in the valving control cham- 
ber 235h can be increased, contributing to enhance- 
ment of the dischargeability of the air bubbles in the 
valving control chamber 235h. 

[0505] In the description of the above embodi- 
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ments, the recording apparatus using the subtank for 
receiving supply of ink from the main tank and tempo- 
rarily storing the ink as the ink storage section is taken 
as an example. For example, if the embodiment is 
adopted for a recording apparatus comprising an ink 
cartridge mounted directly on a carriage, similar advan- 
tages can be provided, needless to say. 
[0506] Generally, top lid members of ink cartridges, 
subtanks, etc., are formed each with an air introduction 
port, thus an ink solvent is gradually evaporated through 
the air introduction port and the viscosity of the ink in the 
ink cartridge, the subtank, etc., is increased; this is a 
problem. As a solution to the problem, it is considered 
that a valve unit placed in the flow passage between the 
ink cartridge, the subtank, etc., and a recording head 
and a valve placed in the air introduction port are both 
closed when they are not used. 
[0507] However, if the ink cartridge or the subtank is 
hermetically sealed, the ink cartridge or the subtank (ink 
storage section) is broken, ink drips occur from the 
recording head, or air flows in through a recording head 
nozzle because of internal pressure change of the ink 
storage section caused by temperature change, 
namely, new problems occur and need to be solved. 
[0508] An eleventh embodiment of the ink jet 
recording apparatus described below solves the techni- 
cal problems. 

[0509] In the embodiment described below, the ink 
storage section may be an ink cartridge or a subtank. 
First, an example of ink jet recording apparatus com- 
prising a subtank as the ink storage section will be dis- 
cussed. 

[0510] Fig. 36 is a sectional view to show the con- 
figuration of a subtank and a connecting unit on the sub- 
tank side in the eleventh embodiment. 
[0511] A subtank 301 and a connecting unit 302 
attached onto the subtank 301 are mounted on a car- 
riage together with a recording head (described later) 
and are reciprocated in the width direction of recording 
paper (not shown). 

[051 2] Supply of ink is received from a main tank 
through the connecting unit 302 and ink can be supplied 
to the recording head. 

[051 3] The subtank 301 shown in the lower halt por- 
tion of Fig. 36 comprises a case 301 a opened on the 
top and a lid 301b for closing the top, thereby forming an 
ink storage chamber 301c whose inside is hermetically 
sealed. 

[0514] A float member 303 floated up due to ink 
stored in the subtank 301 is placed in the subtank 301 . 
[051 5] The float member 303 can be moved up and 
down in the gravity direction with a support shaft 304 
formed integrally with the float member 303 as the rota- 
tion center. 

[051 6] A sealing member 305 is placed in an upper 
part of the subtank 301 . It is floated up due to ink stored 
in the subtank 301 and abuts a valve body 306 forming 
an air valve placed in an upper part of the subtank 301 , 



thereby closing a suction passage leading to a decom- 
pressor pump as described later. 
[0517] An ink replenishment port 307 for receiving 
supply of ink from the main tank (described later) 

5 through the connecting unit 302 shown in the upper half 
portion is placed in the float member 303 and the sub- 
tank 301 is formed with an ink supply port 308 for sup- 
plying ink to the recording head (described later) 
through the connecting unit 302. 

10 [0518] Further, an air introduction port 309 is 
placed in an upper part of the subtank 301 and air can 
be introduced through the air introduction port 309 as 
ink is consumed with printing. 

[0519] Although Fig. 36 shows the configuration of 
75 one subtank, a plurality of subtanks of the same config- 
uration (in the embodiment, six subtanks) are placed 
side by side in an orthogonal direction to the paper face 
corresponding to handled inks. 
[0520] On the ether hand, a common valve unit 31 1 
20 connected to the decompressor pump through a suction 
space (also called suction port) 310 communicating 
with the valve body 306 is placed on the connecting unit 
302. 

[0521] The suction spaces 310 are formed commu- 
25 nicating with crosswise corresponding to the subtanks 
in the orthogonal direction to the paper face and there- 
fore the suction space 310 can be connected to a differ- 
ent connecting unit (described later) placed at an ink 
supply stage via the common valve unit 311. 
30 [0522] The valve unit 31 1 is opened in connection 
to the different connecting unit placed at the ink supply 
stage. 

[0523] In the connecting units 302, replenishment 
spaces 312 each for feeding ink into the ink replenish- 

35 ment port 307 are formed separately in a one-to-one 
correspondence with the subtanks 301 , connection can 
be made to the different connecting unit (described 
later) placed at the ink supply stage via the valve unit 
313 placed in each replenishment space 312. 

40 [0524] Each valve unit 313 is also opened in con- 
nection to the different connecting unit placed at the ink 
supply stage. 

[0525] In the connecting units 302, valve units 314 
each opened and closed in the ink flow passage from 
45 the ink supply port 308 to the recording head are placed 
separately in a one-to-one correspondence with the 
subtanks 301. 

[0526] When ink is supplied to the subtank 301 or 
power is turned off, the valve unit 314 is closed; other- 

50 wise, for example, during the printing, the valve unit 31 4 
is opened for supplying ink to the recording head. 
[0527] That is. when ink is supplied to the subtank 
301 or power is turned off, a valve body 314a of the 
valve unit moves down, blocking an ink flow passage E 

55 for hermetically sealing ink in the recording head and in 
the ink flow passage E on the recording head side. Oth- 
erwise, the valve body 314a is at an upper position and 
the ink flow passage E is opened, so that ink is supplied 
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to the recording head. 

[0528] Further, in the connecting units 302, air intro- 
duction valves 315 each opened and closed facing the 
air introduction port 309 are placed separately in a one- 
to-one correspondence with the subtanks 301 . 
[0529] When ink is supplied to the subtank 301 or 
power is turned off, the air introduction valve 315 is also 
closed; otherwise, for example, during the printing, the 
air introduction valve 315 is opened for placing the 
inside of the subtank 301 under atmospheric pressure 
for supplying ink to the recording head. 
[0530] That is, when ink is supplied to the subtank 

301 or power is turned off, a valve body 315a moves 
down, blocking the air introduction port 309 for hermeti- 
cally sealing the subtank 301 ; otherwise, the valve body 
315a is at an upper position and the subtank 301 com- 
municates with the atmosphere. 

[0531] The air introduction valve 315 is provided 
with a coil spring (not shown); when the pressure in the 
subtank 301 rises, the air introduction valve 315 is 
opened against the urging force of the coil spring. 
[0532] An air introduction space 316 via the air 
introduction valve 315 is formed communicating with 
crosswise, and a part of the air introduction space 316 
is opened to the atmosphere although not shown. 
[0533] Between the subtank 301 and the connect- 
ing unit 302, for example, as shown in the structure of 
the portion of the ink supply port 308, a connection pipe 
extended in one piece from the subtank 301 is con- 
nected to an annular flexible sealing member 319 
placed in a recess 318 formed in the connecting unit 

302 so that it is pressed into the flexible sealing member 
319. 

[0534] This structure is also provided likewise in the 
ink replenishment port 307, the valve body 306, and the 
air introduction port 309. 

[0535] In the embodiment shown in Fig. 36, a pro- 
jection 320 formed from one side wall of the subtank 

301 is inserted into an engagement hole 321 made in 
the connecting unit 302 and an engagement claw 323 
formed on the connecting unit climbs over a projection 
322 formed from an opposite side wall of the subtank 
301, so that the subtank 301 and the connecting unit 

302 are joined in one piece. 

[0536] Fig. 37 is a schematic drawing to show the 
basic configuration of one ink supply system for supply- 
ing ink from an ink cartridge as a main tank via the 
above-described subtank to a recording head. 
[0537] In Fig. 37, the connecting unit 302 on the 
subtank side shown in Fig. 38 and the connecting unit at 
the ink supply stage (described later) connected to the 
connecting unit 302 are omitted. 
[0538] In Fig. 37, numeral 331 denotes a main tank 
The main tank 331 is loaded into a cartridge holder 
placed, for example, on the outside of the recording 
apparatus for supplying ink to the subtank 301 mounted 
on the carriage via an ink flow passage 332. 
[0539] Also shown in Fig. 36, ink is supplied from 
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the subtank 301 via the valve unit 314 to a recording 
head 333 and further the subtank 301 is also connected 
to a decompressor pump 335 via a common suction 
passage 334 communicating with the valve body 306 
5 placed in the subtank 30 1 . 

[0540] Next, Fig. 38 shows the configuration of con- 
necting units placed between the main tank 331 and the 
subtank 301. 

[0541 ] Fig. 38 draws six subtanks 301 , the connect- 
to ing units placed corresponding to the six subtanks 301 , 
and a connecting unit 341 on the ink supply side placed 
at the ink supply stage. 

[0542] That is, Fig. 38 shows a state viewed from a 
direction orthogonal to Fig. 36. 

75 [0543] The connecting unit 341 on the ink supply 
side can be moved up and down by means of four guide 
projections 343 placed inward in a guide case 342. It is 
moved up and down in a predetermined range by a con- 
necting unit drive motor (described later). 

20 [0544] The connecting unit 341 is formed at upper 
end parts with connection openings 344, and opposite 
ends of ink flow passages 332 connected at one ends to 
the main tanks 333 storing six color inks are connected 
to the connection openings 344. 

25 [0545] Valve units 351 later described with refer- 
ence to Fig. 39 are placed at lower end parts of the con- 
necting unit 341. 

[0546] On the other hand, the connecting units 302 
are also placed on the sides of the subtanks 301 as pre- 
30 viously described with reference to Fig. 36, and valve 
units 313 later described with reference to Fig; 39 are 
also placed at upper end parts of the connecting unit 
302. 

[05471 Although not shown in the figure, a suction 
35 passage connecting unit for connecting or disconnect- 
ing the suction passage 334 to the decompressor pump 
335 and the suction port 310 is installed. Also in the 
connecting unit, connection or disconnection can be 
executed by a drive motor. 
40 [0548] Fig. 39 is a sectional view to show the forms 
of the valve unit 351 in the connecting unit 341 placed at 
the ink supply stage and the valve unit 313 placed on 
the side of the subtank 301 . 

[0549] Fig. 39 shows a state in which both the valve 

45 units are separated from each other. 

[0550] First, the valve unit 351 on the ink supply 
passage side comprises an outer hull formed by joining 
first and second cylindrical cases 352 and 353 axially, 
and an O-ring 354 is placed therebetween for placing 

so the joint part in a hermetic state. 

[0551 ] An opening 355 made in the upper end part 
in the figure communicates with the main tank through 
the connecting unit 341. 

[0552] A rod 356 formed with a convex 356a on the 
55 connection end face side is placed slidably in the axial 
direction in the axial center part of the cylindrical cases 
352 and 353. The convex 356a of the rod 356 is urged 
so as to project to the connection end face side (down- 
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ward in the figure) by a coil spring 357 placed between 
a flange formed on the rod 356 and the second case 
353. 

[0553] The rod 356 is formed in a part with a 
tapered portion 356b and in the projection state of the 
rod 356, slopes of the tapered portion 356b are abutted 
against a sealing member 358. 

[0554] Therefore, in the state shown in Fig. 39, the 
tapered portion 356b of the rod 356 can abut on the 
slopes the sealing member 358, providing sufficient her- 
meticity. 

[0555] A part of the sealing member 358 is 
extended to the end face side in one piece and when 
both the valve units are connected, the end face of each 
valve unit is sealed by an extension 358a on the end 
face side. 

[0556] According to such a shared structure, the 
number of parts of the sealing member 358 can be 
made one. 

[0557] On the other hand, the valve unit 313 on the 
subtank side also comprises an outer hull formed by 
joining first and second cylindrical cases 361 and 362 
axially, and an O-ring 363 is placed therebetween for 
placing the joint part in a hermetic state. 
[0558] An opening 364 made in the lower end part 
in the figure communicates with the subtank side. 
[0559] A rod 365 formed with a convex 365a on the 
connection end face side is placed slidably in the axial 
direction in the axial center part of the cylindrical cases 
361 and 362. The convex 365a of the rod 365 is urged 
so as to project to the connection end face side (upward 
in the figure) by a coil spring 366 placed between a 
flange formed on the rod 365 and the second case 362. 
[0560] A flat sealing member 367 formed like a ring 
is attached to the flange formed on the rod 365 and is 
abutted against the inner wall face of the cylindrical 
case 361 by the urging force of the coil spring 366, pro- 
viding hermeticity. 

[0561] In the projection state of the rod 365, the 
axial joint faces are brought into intimate contact with 
each other between the rod 365 and the cylindrical case 
361 on the connection end face so as to prevent a gap 
from occurring therebetween. 

[0562] According to the configuration, ink can be 
effectively prevented from remaining on the joint face. 
[0563] It is desirable that the spring forces of the 
coil springs 357 and 366 are in rough balance. 
[0564] As the spring forces of both the coil springs 
are in rough balance, the rods 356 and 365 move 
almost at the same time and at travel distances of the 
same degree and an ink flow passage is formed 
between the rods 356 and 365. 

[0565] In the described configuration, as the print 
operation is continued, when the ink amount in the sub- 
tank 301 shown in Fig. 36 decreases and the ink end 
condition is reached, the float member 303 is sunk 
through the shaft 304. 

[0566] Then, the carriage moves to the ink supply 



stage and the connecting units 302 on the sides of the 
subtanks 301 and the connecting unit 341 on the ink 
supply side placed at the ink supply stage are con- 
nected as shown in Fig. 38. 

5 [0567] Although not shown in the figure, the suction 
port of the valve unit 306 is connected to the suction 
passage 334 leading to the decompressor pump 335 
through a similar connecting unit 
[0568] In this state, the valve unit 31 4 from the sub- 

10 tank 301 to the recording head 333 is closed and the air 
introduction valve 315 is also closed. Thus, the convexs 
356a and 365a of the valve units 351 and 313 shown in 
Fig. 39 strike against each other and the rods 356 and 
365 move, whereby ink can be distributed. 

75 [0569] On the other hand, the sealing member 305 
placed on the float member 303 is away from the valve 
body 306, so that the inside of the subtank 301 is placed 
in a reduced pressure state by the operation of the 
decompressor pump 335. 

20 [0570] Therefore, ink is supplied from the main tank 
331 through the valve units 351 and 313 to the subtank 
301. 

[0571 ] When ink is thus supplied from the main tank 
331 to the subtank 301 and the subtank is almost filled 

25 up with ink, the float member 303 floats up due to the ink 
and the sealing member 305 abuts the valve body 306 
accordingly, placing the air valve in a closed valve state. 
[0572] At this time, the sealing member 305 is 
sucked by the decompressor pump 335 and is brought 

30 into intimate contact with the valve body 306, and reduc- 
ing pressure in the subtank 301 is stopped. 
[0573] Therefore, ink supply from the main tank 331 
to the subtank 301 is also stopped. 
[0574] When all subtanks fill with inks, the connect- 

35 ing unit 341 placed at the ink supply stage and the con- 
necting units 302 placed on the subtanks 301 are 
disconnected. 

[0575] Thus, the valve units 351 and 313 placed in 
the connecting unit 341 placed at the ink supply stage 
40 and the connecting units 302 placed on the subtanks 
301 are separated. 

[0576] Therefore, the rods 356 and 365 placed in 
the valve units 351 and 313 are restored to the former 
state by the urging forces of the coil springs 357 and 
45 366, and the ink flow passages in the valve units 351 
and 313 are closed. 

[0577] Thus, a phenomenon in which ink is leaked 
from the connection end part in the valve units 351 and 
313 can be prevented. 

so [0578] In this state, the valve body 314a rises, the 
valve unit 314 from the subtank 301 to the recording 
head 333 is opened, the valve body 315a also rises, the 
air introduction valve 315 is also opened, and printing 
with the recording head 333 is started. 

55 [0579] When the print operation with the recording 
head 333 is thus executed and ink in the subtank 301 
decreases accordingly, ink is supplied at the ink supply 
stage in a similar manner to that described above and 
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again the print operation with the recording head 333 is 
executed. 

[0580] Next, Fig. 40 is a block diagram to show the 
basic configuration of a control circuit for controlling the 
operation of the valve unit 314, the air introduction valve 5 
315, the decompressor pump 335, the ink flow passage 
connecting unit 341, etc., with the passage of time. 
[0581] The control circuit comprises a timing con- 
troller 371 for supplying command signals to an air intro- 
duction valve controller 372, a decompressor pump 10 
controller 373, a suction passage controller 374, an ink 
flow passage controller 375, and a valve unit controller 
376. 

[0582] The air introduction valve controller 372 
receives a command and the air introduction valve 315 is 
is opened or closed under the control of the air introduc- 
tion valve controller 372. The decompressor pump con- 
troller 373 receives a command and the decompressor 
pump 335 is driven or stopped under the control of the 
decompressor pump controller 373. 20 
[0583] A suction passage connecting unit 378 for 
connecting or disconnecting the decompressor pump 
335 and the suction port 310 is placed in a connection 
state or a disconnection state under the control of the 
suction passage controller 374. The ink flow passage 
connecting unit 341 is placed in a connection state to or 
a disconnection state from the subtank side under the 
control of the ink flow passage controller 375. 
[0584] The valve unit 314 is opened or closed under 
the control of the valve unit controller 376. 
[0585] First, when the subtank becomes an ink end 
condition and the subtank is filled with ink, the timing 
controller 371 sends a valve closing command to the 
valve unit controller 376 and sends a drive command 
signal to the decompressor pump controller 373 after 
the expiration of a predetermined time. 
[0586] Thus, after the valve unit 31 4 is closed, driv- 
ing the decompressor pump 335 is started. 
[0587] Under such control, the valve unit 314 is 
already closed before the inside of the subtank 301 is 
placed in a reduced pressure state by driving the 
decompressor pump 335. Therefore, a problem of suck- 
ing air from the nozzle orifices of the recording head 
and destroying a meniscus formed in the nozzle orifices 
can be prevented. 

[0588] Likewise, the inside of the subtank 301 is 
also placed in a reduced pressure state by sending a 
connection command to the suction passage controller 
374 after the expiration of a predetermined time. Also in 
this case, the valve unit 31 4 is already closed and there- 
fore the problem of sucking air from the nozzle orifices 
of the recording head can be prevented. 
[0589] Further, upon completion of filling the sub- 
tank with ink the timing controller 371 sends a valve 
opening command to the air introduction valve controller 
372 and sends a valve opening command to the valve 
unit controller 376 after the expiration of a predeter- 
mined time. 



[0590] Thus, the air introduction valve 315 is first 
opened and the reduced pressure remaining in the sub- 
tank is canceled, resulting in the atmospheric pressure. 
[0591] Since the valve unit 314 is opened, the prob- 
lem of sucking air from the nozzle orifices of the record- 
ing head can also be prevented. 
[0592] A drive stop signal is first sent to the decom- 
pressor pump controller 373 without sending a valve 
opening command to the air introduction valve controller 
372, whereby the decompressor pump 335 is also 
stopped and the reduced pressure remaining in the sub- 
tank through the decompressor pump 335 is canceled 
during the expiration of a predetermined time, resulting 
in the atmospheric pressure. 

[0593] Since the valve unit 314 is then opened, the 
problem of sucking air from the nozzle orifices of the 
recording head can also be prevented. 
[0594] The open and closing states of the valve 
units 314, 313, and 311 and the air introduction valve 
315 during printing are as follows: 
[0595] The valve unit 314 is maintained open to 
supply ink to the recording head 333, the valve units 31 1 
and 313 are closed, and the air introduction valve 315 is 
maintained open to place the inside of the subtank 301 
under the atmospheric pressure. 
[0596] If the printing terminates and a non-print 
state is entered (for example, power is turned off), the 
timing controller 371 shown in Fig. 40 sends a valve 
closing command to the valve unit controller 376, which 
then causes the valve body 31 4a in the valve unit 31 4 to 
move down, blocking the ink flow passage E for hermet- 
ically sealing ink in the recording head 333 and in the 
ink flow passage E on the recording head 333 side. 
[0597] Consequently, evaporation of a solvent from 
ink in the hermetically sealed subtank 301 is prevented 
and an increase in viscosity of ink is suppressed. 
[0598] The timing controller 371 sends a valve clos- 
ing command to the air introduction valve controller 372, 
which then causes the valve body 315a in the air intro- 
duction valve 315 to move down, closing the air intro- 
duction port 309 for hermetically sealing the subtank 
301. 

[0599] Consequently, evaporation of a solvent from 
ink in the hermetically sealed subtank 301 is prevented 
and an increase in viscosity of ink is suppressed. 
[0600] If the power is turned off, the valve units 31 1 
and 313 are maintained closed as in the printing. 
[0601] Then, if the power is turned on, as ink is sup- 
plied to the subtank, the timing controller 371 sends a 
valve opening command to the air introduction valve 
controller 372 and sends a valve opening command to 
the valve unit controller 376 after the expiration of a pre- 
determined time. 

[0602] Thus, the air introduction valve 315 is first 
opened and the reduced pressure remaining in the sub- 
tank is canceled, resulting in the atmospheric pressure. 
[0603] Since the valve unit 314 is then opened, the 
problem of sucking air from the nozzle orifices of the 
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recording head can also be prevented. 
[0604] The subtank 301 is provided with means for 
detecting interna! pressure (not shown) and if the pres- 
sure in the subtank 301 becomes a predetermined 
pressure or more or less in the power off state, the air 
introduction valve 315 is opened preceding the valve 
unit 314. 

[0605] If the air introduction valve 315 is opened, 
preferably the valve unit 314 is maintained closed. 
[0606] Since the air introduction port 309 is opened, 
if the outside temperature rises and the pressure in the 
subtank 301 becomes high because of expansion of ink 
or air or if the outside temperature lowers and the pres- 
sure In the subtank 301 becomes low, breakage of the 
subtank 301 can be prevented. 

[0607] Ink drips from the recording head or inflow of 
air from the recording head can also be prevented. 
[0608] If the pressure in the subtank 301 reaches a 
predetermined pressure or more or becomes a prede- 
termined pressure or less, the valve unit 31 1 provided 
on the subtank side of the pump connecting unit may be 
opened preceding the valve unit 314. 
[0609] Since the valve unit 31 1 provided on the sub- 
tank side of the pump connecting unit is thus opened 
preceding the valve unit 314, breakage of the subtank 
301 can be prevented as the air introduction port 309 is 
opened. 

[061 0] Ink drips from the recording head or inflow of 
air from the recording head can also be prevented. 
[061 1 ] If the valve unit 31 1 provided on the subtank 
side of the pump connecting unit is opened, preferably 
the valve unit 314 is maintained closed. 
[0612] Likewise, if the pressure in the subtank 301 
reaches a predetermined pressure or more or becomes 
a predetermined pressure or less, the valve unit 313 
provided on the subtank side of the main tank connect- 
ing unit may be opened preceding the valve unit 314. 
[061 3] If the urging force of the coil spring 366 of the 
valve unit 313 on the subtank side is set so as to open 
the valve unit 313 on the subtank side if the pressure in 
the subtank 301 becomes a predetermined pressure or 
less and if the force closing the air introduction valve 
315 (the urging force of coil spring (not shown)) is set to 
open the air introduction valve 31 5 if the pressure in the 
subtank 301 reaches a predetermined pressure or 
more, the pressure in the subtank 301 can be prevented 
from abnormally rising or lowering and breakage of the 
subtank 301 can be prevented without providing the 
subtank 301 with the internal pressure detector. 
[0614] Also in this case, preferably the valve unit 
314 is maintained dosed. 

[0615] Thus, if the pressure in the subtank 
becomes the predetermined pressure or more, the air 
introduction valve 315 for closing the air introduction 
port 309 is opened based on the pressure difference 
between the inside and the outside of the subtank and if 
the pressure in the subtank becomes the predeter- 
mined pressure or less, the valve unit 313 provided on 



the subtank side of the pump connecting unit is opened 
based on the pressure difference between the inside 
and the outside of the subtank, so that the subtank 301 
need not be provided with the means for detecting inter- 

5 nal pressure, and breakage of the subtank 301 can be 
prevented according to the simple configuration. 
[0616] Further, if the urging force of the coil spring 
of the valve unit 31 1 on the main tank side, like that of 
the coil spring 366, is set so as to open the valve unit 

w 311 on the subtank side if the pressure in the subtank 
301 becomes a predetermined pressure or less and if 
the force closing the air introduction valve 315 is set to 
open the air introduction valve 315 if the pressure in the 
subtank 301 reaches a predetermined pressure or 

15 more, the pressure in the subtank 30 1 can be prevented 
from abnormally rising or lowering and breakage of the 
subtank 301 can be prevented as with the valve unit 313 
on the subtank side described above. 
[0617] Also in this case, preferably the valve unit 

20 314 is maintained closed. 

[0618] Thus, if the pressure in the subtank 
becomes the predetermined pressure or more, the air 
introduction valve 315 for dosing the air introduction 
port 309 is opened based on the pressure difference 

25 between the inside and the outside of the subtank and if 
the pressure in the subtank becomes the predeter- 
mined pressure or less, the valve unit 313 provided on 
the subtank side of the main tank connecting unit is 
opened based on the pressure difference between the 

30 inside and the outside of the subtank so that breakage 
of the subtank 301 can be prevented according to the 
simple configuration as described above. 
[0619] Next, a twelfth embodiment of the invention 
will be discussed with reference to Fig. 41 by taking an 

35 ink jet recording apparatus using an ink cartridge as an 
example. 

[0620] In Fig. 41, numeral 380 denotes a cartridge 
mounted on a carriage (not shown) together with a 
recording head 333. A valve body 382 for opening and 
40 dosing an ink flow passage E and an air introduction 
port 384 are placed in the top face of the ink cartridge 
380. 

[0621 ] A rod 381 that can be moved up and down is 
placed above the valve body 382. As the rod 381 moves 
45 down, the valve body 381 is pushed down, blocking the 
ink flow passage E. 

[0622] The rod 381 is provided with a spring 381a 
for pressing the valve body 382 by a constant force. 
[0623] The valve body 382 is provided on the bot- 
50 torn face with a coil spring (not shown) for pushing up 
the valve body 382 so as to open the ink flow passage 
E if the rod 381 moves up. 

[0624] Further, a shield rod 383 that can be moved 
up and down is placed above the air introduction port 
55 384. The shield rod 383 covers the air introduction port 
384, thereby blocking the inside of the ink cartridge 380 
from the atmosphere. 

[0625] Like the rod 381, the shield rod 383 is also 
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provided with a spring 383a for shielding the air intro- 
duction port 384 by a constant force. 
[0626] If an internal pressure more than the above- 
mentioned press pressure occurs in a subtank, the air 
introduction port 384 is opened. 
[0627] The spring 383a used has a smaller spring 
constant than the spring 381a and if a predetermined 
pressure is reached, the air introduction port 384 is first 
opened. 

[0628] Since the air introduction port 384 is thus 
opened preceding the ink flow passage E, ink drips from 
the nozzle of the recording head 333, etc., can be pre- 
vented. 

[0629] The operation of the rod 381 and the shield 
rod 383 is controlled by a controller 385. 
[0630] That is, upon completion of printing, when 
the recording head 333 returns to the home position 
and power off is detected, the rod 381 and the shield rod 
383 are moved down under the control of the controller 
385, blocking the ink flow passage E and closing the air 
introduction port 384. 

[0631] The ink flow passage E is blocked, thereby 
hermetically sealing ink in the recording head 333 and 
in the ink flow passage E on the recording head 333 
side. 

[0632] Consequently, evaporation of a solvent from 
ink hermetically sealed is prevented and an increase in 
viscosity of ink is suppressed. 

[0633] The air introduction port 384 is closed, 
whereby the ink cartridge Is hermetically sealed. Con- 
sequently, evaporation of a solvent from ink in the her- 
metically sealed ink cartridge is prevented and an 
increase, in viscosity of ink is suppressed. 
[0634] When the internal pressure of the ink car- 
tridge becomes high, the shield rod 383 moves up 
against the urging force of the spring 383a, opening the 
air introduction port 384 to the atmosphere. 
[0635] Consequently, breakage of the ink cartridge, 
inflow of air from the nozzle of the recording head, ink 
drips, etc., caused by pressure change of the ink car- 
tridge can be prevented. 

[0636] Then, if the power is turned on, preferably 
the air introduction port 384 is opened before the ink 
flow passage E is opened. 

[0637] Preferably, the ink cartridge 380 is further- 
more provided with a check valve 390 as shown in Fig. 
42 for opening and closing a second air introduction 
port 386. 

[0638] The second air introduction port 386 may be 
closed by the check valve 390 at the normal time with a 
coil spring 391 and when the internal pressure of the ink 
cartridge 380 becomes a predetermined pressure or 
less, the second air introduction port 386 may be 
opened for preventing breakage of the ink cartridge 
380. 

[0639] In the embodiments, so-called electromag- 
netic valves can be used as the valve units and the air 
introduction valves, but the valves may any valves if they 



are capable of opening and closing the ink flow pas- 
sages and the air introduction ports; for example, they 
may be check valves, etc., mechanically operating. 
[0640] In the description of the embodiments, the 

5 subtanks and th ink cartridges are hermetically closed 
in the power off state. However, if the print halt state 
continues exceeding a constant time in the power on 
state, preferably the subtanks and the ink cartridges are 
hermetically closed; the invention can also be applied to 

10 this case. 

[0641] Although the present invention has been 
shown and described with reference to specific pre- 
ferred embodiments, various changes and modifica- 
tions will be apparent to those skilled in the art from the 
15 teachings herein. Such changes and modifications as 
are obvious are deemed to come within the spirit, scope 
and contemplation of the invention as defined in the 
appended claims. 

20 Claims 

1 . An ink jet recording apparatus comprising: 

an ink jet recording head having nozzle orifices 
25 from which inkdrops are ejected; 

an ink storage unit for storing ink to be supplied 
to the recording head; 

an ink flow passage communicating the ink 
storage unit and the recording head; 
30 a valve unit for opening/closing the ink flow 

passage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for reducing pressure in an 
internal space of the capping unit to discharge 
35 inkdrops from the nozzles when the capping 

unit seals the nozzle orifices; and 
a control unit for continuing the valve unit the 
capping unit and the suction pump in such 
order that: 

40 

a) the valve unit closes the ink flow pas- 
sage; 

b) the capping unit seals the nozzle orifice; 

c) the suction pump decompresses the 
45 internal space of the capping unit; and 

d) the valve unit opens the ink flow pas- 
sage a predetermined time period elapses. 

2. The ink jet recording apparatus as set forth in claim 
so 1, wherein the control unit controls the valve unit 

such that the ink flow passage is opened after a 
predetermined time period has elapsed since the 
suction pump was stopped driving. 

55 3. The ink jet recording apparatus as set forth in claim 
1 , further comprises a filter member disposed in the 
ink flow passage. 
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The ink jet recording apparatus as set forth in claim 
1 , wherein the predetermined time period is defined 
as either a time period required for obtaining a sat- 
isfactory deaeration degree of ink between the 
valve unit and the nozzle orifices, or a time period 5 
required for accumulating air bubbles therein. 

An ink jet recording apparatus comprising: 

an ink jet recording head having nozzle orifices 10 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied 
to the recording head; 

an ink flow passage communicating the ink 
storage unit and the recording head; 15 
a valve unit for opening/closing the ink flow 
passage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for decompressing an internal 
space of the capping unit to discharge inkdrops 20 
from the nozzles when the capping unit seals 
the nozzle orifices; and 

a control unit for controlling the valve unit, the 
capping unit and the suction pump in such 
order that: 25 

a) the valve unit closes the ink flow pas- 
sage; 

b) the capping unit seals the nozzle orifice; 

c) the suction pump decompresses the 30 
internal space of the capping unit; 

d) the valve unit opens the ink flow pas- 
sage a first predetermined time period 
elapses; and 

e) the suction pump continues decom- 35 
pressing the internal space of the capping 
unit for a second predetermined time 
period. 

The ink jet recording apparatus as set forth in claim 40 
5, further comprises a filter member disposed in the 
ink flow passage. 

An ink jet recording apparatus comprising: 

45 

an inkjet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied 
to the recording head; 

an ink flow passage communicating the ink so 

storage unit and the recording head; 

a valve unit for opening/closing the ink flow 

passage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for reducing pressure in an 55 
internal space of the capping unit to discharge 
inkdrops from the nozzles when the capping 
unit seals the nozzle orifices; and 



a control unit for controlling the valve unit, the 
capping unit and the suction pump in such 
order that: 

a) the capping unit seals the nozzle orifice; 

b) the suction pump decompresses the 
internal space of the capping unit; 

c) the valve unit closes the ink flow pas- 
sage after a first predetermined time 
period elapses; 

d) the valve unit opens the ink flow pas- 
sage a second predetermined time period 
elapses; and 

e) the suction pump continues decom- 
pressing the internal space of the capping 
unit for a third predetermined time period. 

8. The ink jet recording apparatus as set forth in claim 
7, further comprises a filter member disposed in the 
ink flow passage. 

9. The ink jet recording apparatus as set forth in any 
one of claims 1 , 5, and 7, wherein the ink storage 
unit is an ink cartridge mounted on a carriage for 
moving the recording head; 

wherein the valve unit includes a valve body made 
of an elastic material through which the ink flow 
passage; and 

wherein the ink flow passage is closed by deform- 
ing the valve body with an external force. 

1 0. The ink jet recording apparatus as set forth in claim 

9, wherein the valve unit includes a lever member 
rotatable around a fulcrum portion thereof when the 
external force is applied to a first end portion 
thereof to deform the valve body with a second end 
portion thereof. 

1 1 . The ink jet recording apparatus as set forth in claim 

10, wherein the lever member includes a pin lever 
slidably provided at the first end portion thereof to 
adjust a deforming degree of the valve body, and an 
elastic member provided between the first end por- 
tion and the pin lever. 

1 2. The ink jet recording apparatus as set forth in claim 
9, further comprises a pad member against which 
the lever member is to be abutted so as to deform 
the valve member when the carriage is moved to a 
predetermined position. 

1 3. The ink jet recording apparatus as set forth in claim 
9, wherein ink storage unit includes a plurality of ink 
storage tanks provided for respective colors of ink; 
and 

wherein the ink supply passage and the valv unit is 
provided for the respective ink storage tanks. 
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14. An ink suction method for the ink jet recording 
apparatus as set forth in claim 9, comprising the 
steps of: 

closing the ink flow passage by the valve unit; s 
sealing the nozzle orifices by the capping unit; 
driving the suction pump to decompress the 
internal space of the capping unit; and 
opening the ink flow passage by the valve unit 
to discharge ink from the nozzle orifices. 10 

15. The ink suction method as set forth in claim 14, 
wherein the suction pump decompress the internal 
space of the capping unit to accumulate air bubbles 

in the ink between the valve unit and the nozzle ori- is 
fices. 

16. The ink suction method as set forth in claim 14, 
wherein the steps are executed one time to dis- 
charge ink from the nozzle orifices. 20 

17. The ink suction method as set forth in claim 14, 
wherein the steps are repeated predetermined 
times to discharge ink from the nozzle orifices. 

25 

18. The ink suction method as set forth in claim 17, 
wherein the next cycle of the steps is executed after 
the pressure of the internal space has reached for 
the atmospheric pressure. 

30 

19. The ink suction method as set forth in claim 17, 
wherein the next cycle of the steps is executed 
before the pressure of the internal space reaches 
for the atmospheric pressure. 

35 

20. A cleaning method for the ink jet recording appara- 
tus as set forth in claim 12, comprising the steps of: 

moving the carriage to the predetermined posi- 
tion to drive the valve unit such that the ink flow ao 
passage is closed to prevent the discharged ink 
and air bubbles from flowing back to the nozzle 
orifices; and 

cleaning the nozzle orifices. 

45 

21 . The ink jet recording apparatus as set forth in claim 
9, wherein the ink flow passage in the valve body 
has a cross sectional shape which is asymmetric 
with respect to a first line extending perpendicular 

to a direction of which the external force is applied, so 

22. The ink jet recording apparatus as set forth in claim 
21, wherein the cross sectional shape of the ink 
flow passage has an apex arranged on the first line 
extending on a substantial center of the cross sec- 55 
tional shape. 

23. The ink jet recording apparatus as set forth in claim 



21, wherein the cross sectional shape of the ink 
flow passage has a rounded corner on a second 
line extending parallel with the external force direc- 
tion on a substantial center of the cross sectional 
shape. 

24. The ink jet recording apparatus as set forth in claim 
21 , wherein the cross sectional shape of the ink 
flow passage has a side extending parallel with the 
first line and an apex arranged so as to oppose to 
the side. 

25. The ink jet recording apparatus as set forth in claim 
21 , wherein a diameter of the valve body is reduced 
at a portion where the external force is applied. 

26. The ink jet recording apparatus as set forth in any 
one of claims 1 , 5 and 7, wherein the valve unit 
includes: 

a flexible diaphragm which constitutes a part of 
a side wall of the ink flow passage; and 
an actuation body for deforming the diaphragm 
in a direction perpendicular to the ink flow pas- 
sage for opening/closing the ink flow passage. 

27. The ink jet recording apparatus as set forth in claim 

26, wherein a convex is formed on one face of the 
diaphragm and the actuation body deforms the dia- 
phragm such that the convex closes the ink flow 
passage. 

28. The ink jet recording apparatus as set forth in claim 

27, wherein the actuation body is a rod member to 
press a portion on the other face of the diaphragm 
where is opposed to the convex. 

29. The ink jet recording apparatus as set forth in any 
one of claims 1 , 5 and 7, wherein the valve unit 
includes: 

a flexible diaphragm having a through hole 
which constitutes a part of the ink flow pas- 
sage; 

an actuation body for deforming the diaphragm 
in a direction of which the through hole extends 
while closing one opening of the through hole; 
and 

a wall member for closing the other opening of 
the through hole when the diaphragm is 
deformed by the actuation body to close the ink 
flow passage. 

30. The ink jet recording apparatus as set forth in claim 
29, wherein the through hole is formed on a sub- 
stantial center portion of the diaphragm. 

31. The ink jet recording apparatus as set forth in claim 
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29, wherein the wall member is arranged an 
upstream side of the ink flow passage with respect 
to the diaphragm to constitute a check valve. 

32. The ink jet recording apparatus as set forth in claim 
29, wherein the actuation body includes a spring 
member for normally urging the diaphragm toward 
the wall member; and 

wherein a predetermined or more pressure differ- 
ence between an upstream side and a downstream 
side of the ink flow passage with respect to the dia- 
phragm moves the actuation body to open the ink 
flow passage. 

33. The ink jet recording apparatus as set forth in any 
one of claims 1 , 5 and 7, wherein the valve unit 
includes: 

a valve control chamber which constitutes a 
part of the ink flow passage; 
a flexible diaphragm which constitute a bottom 
wall of the valve control chamber; 
an actuation body for deforming a center por- 
tion of the diaphragm in a direction perpendic- 
ular thereto. 

34. The ink jet recording apparatus as set forth in claim 

33, wherein the valve control chamber has an 
entrance port formed on a top wall thereof at a por- 
tion where is away from the center portion of the 
diaphragm, and an exit port formed on the top wall 
at right above the center portion of the diaphragm. 

35. The ink jet recording apparatus as set forth in claim 

34, wherein the entrance port is arranged below the 
exit port. 

36. The ink jet recording apparatus as set forth in claim 
34, wherein the circumferential portion of the exit 
port is tapered such that a diameter of the port is 
reduced toward the above. 

37. The ink jet recording apparatus as set forth in claim 
34, wherein the diaphragm includes an annular 
convex on the center portion thereof for sealing the 
exit port when the diaphragm is deformed by the 
actuation body. 

38. The ink jet recording apparatus as set forth in claim 

37, wherein an annular groove is formed so as to 
surround the exit port, against which the annular 
convex is to be abutted; and 

wherein an outer peripheral wall of the groove is 
tapered such that a diameter of thereof is reduced 
toward the above. 

39. The ink jet recording apparatus as set forth in claim 

38, wherein a distance between the annular convex 



and the annular groove is 1 .0 - 1 .3 mm when the ink 
flow passage is opened. 

40. The ink jet recording apparatus as set forth in claim 
5 34, wherein a cross sectional area of the ink flow 

passage between the exit port and the recording 
head becomes larger as further from the exit port. 

41 . The ink jet recording apparatus as set forth in claim 
10 33, wherein the actuation body is a rod member 

arranged below the diaphragm. 

42. The ink jet recording apparatus as set forth in any 
one of claims 1, 5 and 7, wherein the ink storage 

75 unit includes an air hole communicating with atmos- 
phere, and an air valve for opening/closing the air 
hole; and 

wherein when pressure in the ink storage unit 
reaches for a predetermined value under a condi- 
20 tion that both of the air hole and the ink flow pas- 
sage is closed, the air hole is opened prior to the ink 
flow passage. 

43. The ink jet recording apparatus as set forth in claim 
25 42, wherein the ink flow passage is still closed even 

if the air hole is opened. 

44. The ink jet recording apparatus as set forth in claim 
42, wherein the ink storage unit is an ink cartridge. 

30 

45. The ink jet recording apparatus as set forth in claim 
42, wherein the ink storage unit is a subtank to 
which a main tank replenishes ink. 

35 46. The ink jet recording apparatus as set forth in claim 
42, wherein the air valve is a check valve. 

47. The ink jet recording apparatus as set forth in any 
one of claims 1, 5 and 7, wherein the ink storage 

40 unit includes an air hole communicating with atmos- 
phere, and an air valve for opening/closing the air 
hole; 

wherein a force for closing the air hole is weaker 
than a force for closing the ink flow passage to dis- 
45 charge internal air of the ink storage unit when 
pressure inside the ink storage unit is varied due to 
temperature rising. 

48. The ink jet recording apparatus as set forth in claim 
so 47, wherein external air is introduced from the air 

hole when pressure inside the ink storage unit is 
varied due to temperature dropping. 

49. The ink jet recording apparatus as set forth in claim 
55 47, wherein the ink storage unit is an ink cartridge. 

50. The ink jet recording apparatus as set forth in claim 
47. wherein the ink storage unit is a subtank to 
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which a main tank replenishes ink. 

51 . The ink jet recording apparatus as set forth in claim 
47, wherein the air valve is a check valve. 

52. The ink jet recording apparatus as set forth in any 
one of claims 1, 5 and 7, wherein the ink storage 
unit includes: 

a main tank; 

a subtank communicated with the main tank via 
an ink replenishment passage; 
a main tank connection unit detachably pro- 
vided with an ink replenishment passage; 
a decompressor pump for decompressing 
inside of the subtank to replenish ink from the 
main tank; 

a pump connection unit detachably provided 
with a suction passage connecting the subtank 
and the decompressor pump; 
a first valve provided between the pump con- 
nection unit and the subtank for opening/clos- 
ing the suction passage; 
an air hole provided with the subtank which is 
opened to communicate with atmosphere 
when the ink jet recording apparatus executes 
printing; and 

an air valve for opening/closing the air hole, 
and 

wherein when pressure in the subtank reaches 
for a predetermined value, the suction passage 
is opened prior to the ink flow passage. 

53. The ink jet recording apparatus as set forth in claim 
52, wherein the ink flow passage is still closed even 
if the suction passage is opened. 

54. The ink jet recording apparatus as set forth in claim 
52, wherein the air hole is opened prior to the ink 
flow passage when the pressure in the subtank 
exceeds the predetermined value; and 

wherein the suction passage is opened prior to the 
ink flow passage when the pressure in the subtank 
lowers the predetermined value. 

55. The ink jet recording apparatus as set forth in claim 
54, wherein the ink flow passage is still closed even 
if the suction passage or the air hole is opened. 



to a pressure difference between the inside and the 
outside of the subtank when the internal pressure 
of the subtank becomes a predetermined value or 
less. 

5 

58. The ink jet recording apparatus as set forth in claim 
52, wherein the air valve is opened according to a 
pressure difference between the inside and the out- 
side of the subtank when the internal pressure of 

10 the subtank becomes a predetermined value or 
more. 

59. The ink jet recording apparatus as set forth in claim 
52, wherein the first valve is opened according to a 

75 pressure difference between the inside and the out- 
side of the subtank when the internal pressure of 
the subtank becomes a predetermined value or 
less. 

20 60. The ink jet recording apparatus as set forth in any 
one of claims 1 . 5 and 7, wherein the ink storage 
unit includes: 

a main tank: 

25 a subtank communicated with the main tank via 

an ink replenishment passage: 
a main tank connection unit detachably pro- 
vided with an ink replenishment passage; 
a decompressor pump for decompressing 

30 inside of the subtank to replenish ink from the 

main tank; 

a pump connection unit detachably provided 
with a suction passage connecting the subtank 
and the decompressor pump; 

35 a first valve provided between the pump con- 

nection unit and the subtank for opening/clos- 
ing the suction passage; 
an air hole provided with the subtank which is 
opened to communicate with atmosphere 

40 when the ink jet recording apparatus executes 

printing; and 

an air valve for opening/closing the air hole, 
and 

wherein the air hole is opened prior to the ink 
45 flow passage when pressure in the subtank 

exceeds a predetermined value, and the suc- 
tion passage is opened when the pressure in 
the subtank lowers the predetermined value. 



56. The ink jet recording apparatus as set forth in claim 
52, wherein the ink storage unit includes a second 
valve detachably provided on the ink replenishment 
passage at least between the main tank connection 
unit and the subtank for opening/closing the ink 
replenishment passage. 

57. The ink jet recording apparatus as set forth in claim 
57, wherein the second valve is opened according 



so 61 . The ink jet recording apparatus as set forth in claim 
60, wherein the ink flow passage is still closed even 
if the suction passage or the air hole is opened. 

62. The ink jet recording apparatus as set forth in claim 
55 60, wherein the ink storage unit includes a second 
valve detachably provided on the ink replenishment 
passage at least between the main tank connection 
unit and the subtank for opening/closing the ink 
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63. The ink jet recording apparatus as set forth in claim 
60, wherein the second valve is opened according 
to a pressure difference between the inside and the 
outside of the subtank when the internal pressure 
of the subtank becomes a predetermined value or 
less. 

64. The ink jet recording apparatus as set forth in claim 
60, wherein the air valve is opened according to a 
pressure difference between the inside and the out- 
side of the subtank when the internal pressure of 
the subtank becomes a predetermined value or 
more. 

65. The ink jet recording apparatus as set forth in claim 
60, wherein the first valve is opened according to a 
pressure difference between the inside and the out- 
side of the subtank when the internal pressure of 
the subtank becomes a predetermined value or 
less. 

66. A cleaning control method for an ink jet recording 
apparatus which comprises: 

an ink jet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied 
to the recording head; 

an ink flow passage communicating the ink 

storage unit and the recording head; 

a valve unit for opening/closing the ink flow 

passage; 

a capping unit for sealing the nozzle orifices; 
a suction pump for reducing pressure in an 
internal space of the capping unit to discharge 
inkdrops from the nozzles when the capping 
unit seals the nozzle orifices, the method com- 
prising the steps of: 

sealing the nozzle orifices by the capping unit; 
closing the ink flow passage by the valve unit; 
driving the suction pump to decompress the 
internal space of the capping unit; 
holding the decompressed state for a predeter- 
mined time period; and 

opening the ink flow passage by the valve unit. 

67. The cleaning control method as set forth in claim 
66, wherein the sealing step and the closing step 
are executed synchronously or exchangeably 

68. The cleaning control method as set forth in claim 
66, wherein the predetermined time period is 
defined as either a time period required for obtain- 
ing a satisfactory deaeration degree of ink between 
the valve unit and the nozzle orifices, or a time 
period required for accumulating air bubbles 



69. A cleaning control method for an ink jet recording 
apparatus which comprises: 

5 

an ink jet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied 
to the recording head; 
w an ink flow passage communicating the ink 

storage unit and the recording head; 
a valve unit for opening/closing the ink flow 
passage; 

a capping unit for sealing the nozzle orifices; a 
15 suction pump for reducing pressure in an inter- 

nal space of the capping unit to discharge ink- 
drops from the nozzles when the capping unit 
seals the nozzle orifices, the method compris- 
ing the steps of: 
20 sealing the nozzle orifices by the capping unit; 

closing the ink flow passage by the valve unit 
driving the suction pump to decompress the 
internal space of the capping unit; 
holding the decompressed state for a first pre- 
25 determined time period; and 

opening the ink flow passage by the valve unit 
while driving the suction pump. 

70. The cleaning control method as set forth in claim 
30 69, wherein the sealing step and the closing step 

are executed synchronously or exchangeably. 

71. The cleaning control method as set forth in claim 
69, further comprises the step of stopping to drive 

35 the suction pump after a second predetermined 
time period has elapsed since the ink flow passage 
was opened. 

72. The cleaning control method as set forth in claim 
40 69, further comprises the step of driving the suction 

pump between the sealing step and the closing 
step. 

73. The cleaning control method as set forth in claim 
45 71 , further comprises the step of driving the suction 

pump again after the stopping step has executed. 

74. The cleaning control method as set forth in claim 
73, further comprises the steps of: 

50 

releasing the capping unit from the nozzle ori- 
fices after the suction pump has driven again; 
and 

driving the suction pump again to discharge ink 
55 from the nozzle orifices in a capping released 

state. 

75. A cleaning control method for an ink jet recording 
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apparatus which comprises: 

an ink jet recording head having nozzle orifices 
from which inkdrops are ejected; 
an ink storage unit for storing ink to be supplied 
to the recording head; 

an ink flow passage communicating the ink 
storage unit and the recording head; 
a valve unit for opening/closing the ink flow 
passage; 

a capping unit for sealing the nozzle orifices; a 
suction pump for reducing pressure in an inter- 
nal space of the capping unit to discharge ink- 
drops from the nozzles when the capping unit 
seals the nozzle orifices, the method compris- 15 
ing the steps of: 

sealing the nozzle orifices by the capping unit; 
driving the suction pump to decompress the 
interna! space of the capping unit; 
closing the ink flow passage by the valve unit; 20 
holding the decompressed state for a first pre- 
determined time period; and 
opening the ink flow passage by the valve unit 
while driving the suction pump. 

25 

76. The cleaning control method as set forth in claim 
75, further comprises the step of stopping to drive 
the suction pump after a second predetermined 
time period has elapsed since the ink flow passage 
was opened. 30 

77. The cleaning control method as set forth in claim 
75, further comprises the step of driving the suction 
pump between the sealing step and the closing 
step. 35 

78. The cleaning control method as set forth in claim 
75, further comprises the step of driving the suction 
pump again after the stopping step has executed. 

40 

79. The cleaning control method as set forth in claim 
75. further comprises the steps of: 

releasing the capping unit from the nozzle ori- 
fices after the suction pump has driven again; 45 
and 

driving the suction pump again to discharge ink 
from the nozzle orifices in a capping released 
state. 

50 
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